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Preface 

III luspoiise to the expressed interest of the petrolenin iiKlustry in 
increasing tlie telraetliyl lead content in motor fuel, uii advisory 
committee was coin'cned liy the Surgeon General of the Public Health 
Service on January 8 and 1), 1951), The findings of this expert group 
arc presented in this report. 

Since the Public Health Service has no legal authority to control 
the concentration of lead in gasoline, the committee’s findings should 
not be interpreted as a regnlation of the Public Health Service or as 
an agreement with ( he industry, 
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Committee’s Letter of Recommeiitlation 


Makcii ;10, 15)50. 

SuiMIKON GKNKIfAr^ LlIltOY E. Udijxey, 

United States PvbUc Health Service., 

I Vashhiff ton, D.O. 

Siu: Committee iippoiiited at your recjiiest to consider the imh- 

Uc liealtli liazard resulting from (Jie iiroposed inci-easc ol' let rae.tliyl 
lead from a maximum of 3 to a maximum of 4 cc. per gallon of motor 
fuel met in Washington on January 8 and 5), 1055). Dr. li. <1. Siagnu- 
son, Chief, Occupational Health Progi-am, Public Healtli Service, 
served as olniitman, and Mr. Henry N. Doyle, Assistant Chief, acted 
iis reporter. 

Prior to the meeting, tlie Committee members reviewed Public 
Health Eulletin 158, “I’rocecdings of a Conference to Determine 
WhelJier or Not '.I'liere Is a Public Health Question iu the Manufac- 
ture, Distribution or Use of Tetraeth 3 'l Lead Gasoline” (1025), Bul- 
letin !()<$ “'I'he Use of Tetraethyl Lead Gasoline in its Eelatious to 
Public Health” (192()), and other related scientific publications made 
available by the Occ\ipational Health Progi-am. Additional Iniok- 
grtmnd information was provided bj-^ one of the CiJinmittee memb(irs. 
Dr. William P. Yant, avIlo had participated in (he 1925 and. 1920 
conferences called by the Public .tlealth Service to consider the health 
problem related to tetraethyl lead. These (avo previous conferences 
had also btien attended by Dr. Kobert A. Kehoe, who ]>articipated in 
the first day of the jiresent meeting as medical consultant to the 
Ethyl Corp. 

On January 8, the Public Health Service representatives defined 
the scope of the Committee’s responsibilities and reviewed the history 
of tlie tetraethyl lead problem and the relationship of the Public 
Health Service' to the manufacturers and distributors of f:c(;raet:hyl 
lead. 

Eepresentatives of the Ethyl Corp. and the E. I. duPont de Ne- 
mours & Co. presented technical and medical data relating to the pro- 
posed increase. The Ethyl Corp. estimated that should the recom- 
mended increase be elfected, the concentration of tetraethyl lead in 
gasoline by 1.968 Avould lie 0.4 cc. per gallon greater than Avould be 
the concentration if the 3-cg. limit Avore continued. Without l;ho in- 
crease, it Avas estimated that the tetraethyl lead in the IJ.S. pool gaso- 
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liiib would rise from 2.()i) ec. to 2.70 c(*.j and wit;h {]m iiuuHiasCj to It. 07 
iX\ jxu* t^alloiK Estinuitos by tho duPont Co. wore slig'litly lower 
tluni those ollered by the Ethy] Corp. 

On flanuary 0, the Coiniviittee met in executive session witli tecliiii- 
cal representatives of the Public Health Service. Tlie proce(Mling‘s 
of the meetiugs and a summai'y of tlie data presented to the (Joni- 
laittee are contained in Ihe atta(‘Eed report. 

The Conimittee wishes to jioint out tliat a coiu'liisive answer is im- 
possible at tlie ))resent time because of the laclv of medical data. 
While tlie data available to the present Conimittee were far more com- 
plete than those on whicli the 102() Committee had to make its de- 
cision, the present Ominiittee avus concerned about the inadequacy of 
medical data derived from human exposures on Avhich to base a con- 
clusive answer to the ]:)robleui. It is re|^' ret table that the investig'a- 
tions recommended by the Surgeon General's Committee in 11)20 were 
not carried out liy tlie Public Healtli. SerAUctc. If data were now 
available on body lead burdens, with 11)20 as a baseline, a more objec- 
tive decision would have been jiossible. Such staidies should be under- 
taken Avithout further delay to assure the validily of (he present, de- 
ci.sion and to guide future cominiltees, particularly since some au- 
thorities bclieA^c that the tolerable limit of lead absorption is being 
approached. 

Tlie Committee recognized that the permissive amount of lead in 
drinking Avater may be loAvered in tlie near future. Smh aid ion can 
be taken in view of the iinproAxnneut in ti'eatment methods for the 
removal of lead from Avater. The Coninritt(?.e Avould Avelconie similar 
eirorts to reduce tlie amounts of lead in the ativiospliei.’e and Avas jiar- 
ticularly interested in the reported research on the (iltraldon of lead 
compounds from aiitomoliile exhaust in connection Avitli studies of 
catalytic oxidizers. 

The Committee concluded tliat (1) a change in the maximum con- 
(‘entratioii of tet;raetliyl lead in motor fuel from ‘1.0 to 4.0 c'c. would 
not increase the hazards involved, in the iiuiniifactiire and distillintion 
of leaded gasoline and (2) available data do not indicate that such 
change Avoiild significantly increase the lia/ard to public healtli from 
air pollution. 

Sliould the industry increase the concentration of TEL in gasoline, 
it is the r ecoinm e nd a tion of yon r Coi n i ri i tt ee t h a I. : 

1. The industry jiroceed cautiously Avitli the imu'ease so that 
the increase in any one year in tlie tetraethyl lead content of U*S. 
pool gasoline not exceed 0.25 c(^, and (lie conceiitradon of (elTii- 
ethyl lead in U.S. pool gasoline not he more ( ban 4.2 cc. per gallon 
at the end of five years. 



Coniininoe\s LeUer of Recomnienflalion ix 

2. Tlie hulusiry sup])ly aiMuiiilly lo llio .Pnl)lic llnillli Servieo 
( ho dojMostio oonsnmpl ion (igurori for le( rneihyl loud. 

Ik Tile Pnhiic Hoallli Seri'ice, in colhihondion wilJi ilio tDjiiiu- 
faoliirers ol' (e( i’a{‘(:hyl lead, (he pelrolonin indnsLi'y, and oilier 
it])propriate organizations, (‘oiuluei studios (:o ])rovido more do- 
(iiiitive da(:.a on levels and (rends of ai inosplieric lend containina- 
tiou ill selected, urban areas and ol; the Ixxly liurden o:l' lead of 
selected poinihiiJon grout>s. 11' tliese studies slionld bring* to light 
m^w data o:l‘ signilicance, yon may wish to reconsider (lie rocoin- 
inendaiaoii ol: this Coinmil.toe. 

Respectfully, 

LniiN^via) (xin'noxiujm}, M.B. P. Yant, I), 8(!. 

H. TI. SciiKKNK, Ph. I). S. H. (.XsnoKX, M.l). 

J. H. STiai>:KK, ^1,1). 

ItioNinr Y. ] )ovfa':, Ii*econler 
Hahold J. Maoxusox, Gkainhan 




Iiitrocluctioii 


.Rar]}^ ijii 1928 lc( I’nd liyl lead (TEL) \n*giu\ lo i)e used eoininercially 
iis a gasoline, additive (o inceease Hie eJlioieiiey of internal coinbiislion 
motors. The apprehension of puhlie liealth ollieials over sucli wide 
clistributioii of a tcixic lead conipoiMid was inlensified when a lunnber 
of fatal, poisonings oeiriirred in the nianufactiire and mixing of TEL. 
At the snggeslion of (he Surgeon General, (he distrihuiion of TEL 
and the sale of leaded, gasoline were temporarily diseontiiuKHl on 
May 5, li)2o. 

On May 20, :l92{v, the Surgeon Genei’al called a. conference of 
public liealth and intei*esteil authorities for “the determination of 
such facts and the i^epoiling of such investigations and experiences 
as may lead to a definite determination as to the hazards, if any, wliich 
follow the iviannfactvire, distribution, and use of TEL and similar 
substances, not only to those wlio are engaged in the nianufactiire and 
distribntiim of the compound, Ixit more particularly to the juiblic 
at large (1.).” (.)n the liasis of I'esearch coiuhaded by the Bureau of 

Mines, TXS. Department of the Interior; the Deiiartment of Indus- 
trial Medicine, CVihiinbia University; and the Medi(^al College, Uni- 
versity of Cincinnati, as well as clinical observation, it was (toncluded 
that TEL was a highly toxic industrial compound lint that little or 
nothing was known, of the public health effects of its use as a gaso- 
line a.dditi\’e, The Conference (hereupon adopted the following 
resolution : 

“I(i is (he sense of this conference that the Surgeon General of (he 
United Staf.es Public Healtli Service appoint a commifteo of seven 
recognized authorities in clinical medicine, phy.siology, and industrial 
liygiene, to jiresent to him, if possible, by Jamiary next, a statements as 
to the liealtli hazards involved in the retail distribution and general 
use of '^FEL gasoline motor fluid ; and (hat this conference indorse as 
wise the decision of the Elihyl Corp. to discontinue temporarily tlie 
sale of ethyl gas; that this investigation shall be paid for exclusively 
out of ])iil)lic funds; and the results of this investigaHon sliall bore- 
ported back to a public conference called for the purpose by the United 
States Public Health Service, at which labor shall be represented 
(2)X 

To carry out this mandate, the Surgeon General appointed a work- 
ing committee consisting of the following persons: Dr. A. J, Chesloy, 
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oflioBr^ iMinnesola. S(n(e Board oi Jh'allli; Dr, William II. 
1 , prol'essoi* of pliysiotojuy, The JoIuih .Hopkins Universiiy; .Dr, 
iiinl, ])i'ofesor of pharma colony, .Harvard University; Ih*. 
AValUn* S. Leathers, professor of preventive inedicnne, VainleiLilf 
University; Dr. Julius SiienTi/-, pi-ofessor of eliemistry, University 
of (vhl(!a^’o; and Dr. (U.K. A. AA'inslow, pi'olessor ol: public- healtlp 
Yiile I Ini vei'sity. Tliis committee (irst. met', on June In, witli Dr. 
ITowell serving’ as duiirinaii. Followinjii: delineation of scope by tlie 
committee, theOlIieeof Industrial Hy^'iene and Sanitation was placed 
in chai’/^e of the investigation. The coininittee cotnpleted its mission 
on January 17, 192t), Avhen it. met. to draft, and sign tLe final rej)ort: on 
the investigation, subsequently issued, as Bulletin KIH, ‘‘Tlie Use of 
Teti-aethyl Lead and Its Delation to Piildie HealthT This bulletin 
gives the results of dinical ami lalM)rutory stmlies of persons exposed 
to TEL, finding's of atmospheric*, and dust, studies, and suggested 
reemnnuendations and regulations. The clinical study did not. give 
any decisive indication of lead ])oisoning among the clianl!eui*s or 
workers in garages wliere etliyl gasoline was used as a motor fuel. 

Tlio ])roposed regulations covered (1) the mauirfactan’e of ^IMOL 
and the blending of tlie hitter to make ethyl fluid, (2) mixing, (»1) 
distribution of etliyl gasoline, and (4) precautions for automobile 
garages, repair shops, service stations, and (ill ing stations. 

Tlie complete proposed regulations are contained in appendix C of 
tins report. They were jiresented to and approved by the Confei’ence 
of Stale and TeiTitorial Health Oflicei's on May 2o, B)2(). It was 


])roposed that these regulations he a do]) ted by the several States to 
secure uni formity of control. The resti'idlon on the .sale and distri- 
bution of etliyl gasoline was removed shortly thereafter. 

Following the 1020 Conference of State and Territorial Health 
OOicer.s, tlie iiresident of tlie Etliyl Corp, voluntarily agreed, to .manu- 
facture, blend, and market TEL and leaded gasoline in acxjordance 
with the Intent of the recommended regulations. Tliis statement 
of intent served to esfablisli standarijced nation-wide safety pro(‘e- 
dures and apparently j’emoved tlie ])ressiii.’e for State regulation.s, 
Consequently, no State or Federal laws liave been enacted pertaining 
t o tlie 1 1 ygi e n i c a sp ec ts of TEL , Ii i add i ti o n , (1 le I'eco i n rn ei i d ed reg ii- 
hitions were adopted as understandings by many national govern- 
ments and liave provided a basis for world-wide health and safety 
[iractices hy TEL manu factiircrs and petroleum refiuev.s. 

When the E. I, diiPont de ]Sremours Co, began marketing TEL \n 
1940, the company advised the Surgeon General that it would abide 
by tlie intent of the recommended regulations. 

Since 1020 it lias been necessary to amend the recommended regu- 
lations, Tliese minor revisions have been published in PubUo Health 
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Ii^e/porls (voL -1:3, iS'ov, 3i), [). 3147 Jiiul vol. 01, Ocl. 11, 1040, 

p. 1487 ), More recently, i\ color system for aviat ion gasoline ol vari- 
ous oc( aiie ranges was recon niuMuled foi* the IJ.S. Air Force. 

Infonnntion l‘urnislied by tlie Bureau ol‘ Mines on the analysis ol 
auloinobilo gasoline coidii'iiied the lad that; 3.0 cc./gal. is tlie luaxi- 
luvim concen Ira lion of T.FL being used in coininendat gasolines (3), 

In July and August:. 1958, a representative of the Public Health 
Service visited certain ])lants of (he Ethyl (Jorp., the hjsso Standard 
Oil Co, of Louisiana, and the Du Poll I: Co, These visits and inter- 
views with, company techni<‘al and medical oflicials revealed tliatveiy 
high hygienic standards were being used in the manufacture, trans- 
])Oi’tation, and mixing of TFAj and leaded gasoline. 



Purpose of Committee 

Tlie 1925 coniniilteo concliuled “tliat there arc at present no good 
grounds for proliibitiiig l:]ic use of etliyl gasoline of the composition 
specified as a motor fuel provided that its distribution and uses are 
controlled by projjer regulations.” 'J'his conclusion was qualified by 
the statement that, altliough the study was most careful and con- 
scientous, it was subject to criticism because of the relatively small 
number of individuals exposed to the effects of ethyl gasoline for a 
comparatively brief period of time. The committee also noted, “It 
remains possible tliat, if the use of leaded gasoline becomes wide- 
spread, conditions may arise very different from those studied by ns 
which would render its use more of a hazard tlian would appear to be 
the case from this investigation (2).” For these reasons, tlie com- 
mittee recommended that the study be continued to determine any 
potential menace to the health of tlie general public after prolonged 
use or under conditions not foreseen at that time. 

The recommendation of the committee tliat the anioimt of TEL be 
limited to 1 part in 1,260 parts of gasoline (approximately 8 cc. per 
gallon of gasoline) was based primarily on coinmercial practice rather 
than on hygienic considerations. This concentration has been ad- 
hered to by the industry. However, in 1934, after consultation witli 
the Surgeon General, the TEL content of gasoline used solely for- 
aviation piu’po.ses was increased to 4.5 cc. per gallon. 

On November 26, 1958, Mr, B. B. Turner, ])resident of the Ethyl 
Corp., in a conference with the Surgeon General, sought the advice 
and guidance of the Public Health Service on increasing the inaxiiiunn 
concentration of tetraethyl lead in automotive gasoline from 3.0 (o 
4.0 cc. per gallon. Although the Public Health Service has no legal 
authority to control the amount of TEL inga.solino, iJie Surgeon Gen- 
eral indicated that ho would appoint an ad hoc committee to advise 
whether the proposed increase might represent a public health hazard. 

At the request of the Surgeon General the following .specialists in 
occupational health and toxicology were appointed by the Chief of the 
Occupational Health I’rogram as members of the Ad Hoc Committee 
on Tetraethyl Lead: Leonard Greenburg, M.D., commissioner, De- 
]iartment of Air Pollution Control, City of New York; TI, H. Schrenk, 
Pli.I)., managing director, Industrial Hygiene Foundation, Mellon 
Institute; J. H. Sterner, M'.D., medical director, Eastman Kodak Co. ; 
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^V. P. Yaii(., D.Sc., (lircci.ov of rosoai'cli, xMaiio Sa:f(‘fy Ap])]ian(.‘os Co.; 
and Stan I ay IP Osborn, M.L)., cominissioniM* of lieaith, Counoeficul^ 
Sfalo Do|)ariMH.Md- of: Meallh, repi-esenling' ilic Slate and Ten-ilorial 
-I fealUi Ollieers’ AftsoeiaUon. 

'Pile CominiU.ee. met on rTainiary 8 and 1), lOoO, in AVasliiuglon, D.C. 
The ineeUng* was diaiml. l)y Dr. JL J. Magnvison, Cldef of tlie Oecu- 
pa.tioiial llea.ltli Prograin, Public Ilea I 111 Service, Avifli ilr. H. IsP 
Doyle, Assistant Chief, acting as reiiorter. The fol lowing individuals 
attendcM.1 various sessions of the meeting in a liaison or technical 
cajiacity : Ethyl Oorp.: .I ))\ George Kii‘hy, vice president for researtdi; 
Dr* Eobcrt A. Kehoe, medical consultant; and. Mr. llichard Scales, 
director of research, Detroit Lalioratory. E, /. cl u Pont de NcAiiOim 
lb Co.: Mr. J. 11. Sabina, assistant planning manager, Division of 
Petrolenni Clienii(!als, find Dr. Jolm A. Zapp, director, Haskell Lab- 
oratory. Pi(J)li() Hcxillh Eervlcei D. il. Biriningliain, M.D., chiet, 
cdinical serviiais, Occupational Health Program; H. 15, Stokinger, 
Ph.D., chief, toxicologic servic,es, Occupational Health Program; 
W. M. Gafafer, D.Sc., (echnical adviser, Occupatioinil Health. Pro- 
gram.; V. G. MacKen/Je, assistant chief, Division of Sanitary Engi- 
neering Services; H. E. Heiinann, AI.D,, assistant chief, Air Pollution 
Medical Program. Divpccrlment of HcAilth^ Eclmcition^ ancl Welfcire: 
Sidney Edelnmn, Assistant Chief, Ihiblic Health Division, Oflice of the 
General Counsel. 

The |)r<)(;edures of (he Committee wei’e in accordance with a De- 
partment of Justice dii’ective dated October ID, IDfiO, of which the 
|)articipants were ad vised by the chairman. The agenda of the Com- 
mittee appears as appendix A. 

The history of its relationship with the manufacturers of T.HL 
wwH 1 ) w S(U 1 ted by tl le 1 1 1 >1 i ( * 1 le a 1 1 1 1 S er v i(!e ; an d d a ta oi i tl i e ted in ical 
j’easons for the increase, the results of certain research studies, the 
(U)nsunii)tion of TEL by year, and a review of the medical prolilem 
w'ere presented by rejiresentatives of the .Ethyl Corp, Pep resen ta- 
tives of the duPont compaiiy made no formal presentation hut sup- 
])lied production figures and information on actual and estimated 
'PEL demand on United States producers and aided in clarifying 
technical points. 

Tlie Conimittee^s rejiort lias been trausniitted to the E. 1. duPont 
de Nomours Co., the .Ethyl Corp., and tlie American Petroleum Insti- 
tul.e, the letter of transmittal a))pearing as appendix B. 



Consumption of Tetraethyl Lead 

The dome^stic coiisiimptiou of TEL has shown, a drama! ie increase 
from 700,000 pounds in Avlien it was Jirst introdiicied, to a. liigli 
of 5,1. million pounds in 1950, witli a sligltt decrease in .1957 and 1958, 
TJie estimated domestic TEL consumption is sliown in table 1, Table 
2 shows the average TEL content of dojiiestic gasoline |jy year from 
1924-58. Table 3 gives the estimated projected consumption of T.EL 
through 1903 havSed on hoUi a 3- iind T-cc. limit, aud table 4 projects 
tire estimated TEL content of gasolijie for the period 1959-03 on the 
same basis. The projections ottered by tlie duPoiit Co, ai'c sligbtlj^ 
lower Mum those siilnnitted by the Ethyl Corp,, both in total demand 
for TEL and its concentration of gasoline (table 5 and fig. 1). Ac- 
cording to data supplied by the diiPont Co,, lead used in the produo 
tion of TEL represents 15 percent of the o^Trall United States lead 
consimiption. 

Taiu.e 1. .h'ulhiiatcd dotncfftlc fafntot/u/f conffuiti/jlUm 
lit- m il] ion it o f yj o tt it ds , ./ 


Year 

Antonio- 

tivo 

Aviation 

Total 

Year 

Antonio- 

tlve 

Aviation 

Total 

1021 

0.7 


0,7 

.3 

1012 

77 3 

25 2 

10? 

1020 

.3 


1013 

00 5 

02^ 

153 0 

1020 

1.0 


1.0 

1011 

U2J7 

120 0 

222 3 

1027 

1.0 


1.9 

3,1 

1015 

t2tL0 

01 0 

218 2 

im 

3.1 


1010 

131 8 

«.1 
13 0 

111 2 

1020 

8.5 


8,5 

1017 

151 7 

108 0 

1030.. 

11.5 


11.5 

1018 

101 

21 

215 

io;a 

15.8 

0.2 

.3 

10. 0 

1010 

QP) 

21 

1032 

10.2 

10. 5 

1950 

285 

27 

13 

312 

1033... 

10.1 

, 1 

19.5 

1051 

201 

.3(14 

1931 

34.0 

. 1) 

31.0 

10.52 

305 

52 

357 

1035. 

38.2 

. 8 

30, 0 

1053 

305 

58 

123 

1030 

15. 2 

, 7 

15.9 
57, 8 

10.54 

388 

51 

130 

1037 

50. 0 

1.2 

1055 

132 

55 

187 

103S 

50. 1 

1. 5 

tIO. 0 

1050 

151 

59 

.58 

510 

1030 

70.8 

1.5 

81.3 

1057 

110 

198 

1040 

113.0 

3. 1 

no. 7 

1058. 

300 

50 

155 

ion 

138.0 

7.1 

145,1 



DiUft siipplji'd by Ethyl Corp. Eigiiros iirior to 1015 indiKU; both (loiiiestlc oonsiniiptloji and oxport. 
Aviation nj^un’S Incliide all Uniad Slates military nso regnrdless of site of operation. 
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'i'AULK 2. .1 1 ’vnif/i' lelraalli [ft h:(i(f ruuienl (finurxtU; fUfnolinc huartl 

on limitSf J !f2 .} -n S 


Year 

Dil./ual. 

Vi'iir 

inl./ynL 

L024 

0, 03 

1012 - 

.02 

1 t)2r> . 

.01 

1013 

1.20 

1 t>2(l 

. 03 


1.20 


. 01 

1540 

1,48 

1528 

. 00 

lOlf) 

1.20 

1520 - 

. 10 

1547 

1.34 

1580 - . - 

. 20 

1948 

1. 53 

i5:p 

.20 


1. m 

1582 

.18 

.33 

1050 - 

2 (10 

1 588 ... 1 

1001 

1 . no 

1 584 

. 00 

1052 

1.80 

1 uw 

. 08 

15.03 

2.10 


.02 

1954 

2. 22 



1587 .. . . . 

. 72 


2. 28 

158H 

, 70 

1950 - 

2, 32 

1585 

. 00 

1907 - 

2. 22 

1545 

1. 30 

1058 

1.08 

llMl 

1.40 




Dalii supi)li(!il by tlio Klliyl Cori), 


'Paulk H. Projected averadc iotractlij/l lead content of dometsfic aulomohiic 
f/aaoUne huacd on 3- and limits^ likW-OS 


Y(‘ur 

3 ml. 

1 4 ml. 

year 

3 ml. 

1 ml. 

(500 

2.09 

2.10 

1062 - 

2. 00 

2. HI 

151 >5 

2.29 

2.40 

1503 

2. 70 

3.07 

loni.. - 

2. 40 

2.62 





J>uln siippJlcd by Klbyl Ct>rp. 


TAiiLK 4. E^liwitlcd ielracthyl lead consumption in niillions of pounds based on 
3- and Jf-^e. liniitSf 1930-03 


Y'l'ar 

Automotive 

Aviation 

Total, niitomotlvo 
ami aviation 

3 ml. 

4 ml. 

3 ml. 

4 ml, 


423 

143 

65 

482 

502 


477 

600 

65 

580 

665 


530 

60.6 

68 

588 

023 


676 

030 

56 

■632 

080 


016 

700 

64 

005 

76t 


i:)ata siippliod by Ethyl Corp. 
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I'AttJinr). TiilruHhiil IvAul (U.mnnd on Unlloil SUUvh prod uvv.ri^^ 


Viar 

Dijnn'Sfie laolor aasiiline 

limif. 

‘l■('(^ 

lirnll 

('(‘./pal, 

pool 

'I’l'lL 
demand, 
millions 
of lbs. 

TEly (‘(me. 
C’(!,/pal. 
pool 

TEl. 
(Imnaiid, 
tnillioiis 
of Ills. 

1058--- 

2. no 

870 

2.00 

888 

1050 

2, in 

nx 

2. 10 

418 

1000 

2. in 

•180 

2. 18 

•111 

lOOl 

2. 20 

178 

2, 28 

<1X0 

1002 

2. 20 

•1«2 

2. 20 

505 


2. 25 

52i 

2. 80 

582 

HH'd 

2. 25 

518 

2. 80 

577 

1005 

2. 25 

500 

2. 12 

005 

IIJOO 

2. 25 

580 

2. 52 

C50 

1007 

2. 25 

1 

001 

2. 55 

080 


Note: liO porcont 7« in*ra‘nt n’f?ul!ir ralio iiSK(ini(‘d. 

1058 preniinm 'riCL coutfliit— 2.5 cc./^^al. 

11)58 n*^nilnr TEL cimiteiit— L8 titi./ynL 

Unlit 10()7 jncMiiinm TEL coti t<n 11—2,75 I . 

8'Ce. limit 1007 n'ynlnr TEL con((>nt---2,or){^e./f'al. 

Lac. liTUlt 100? premium 'rJ»:L oonlimt— H.Oea./i^al. 

4-cc. limit 1007 rCKHlar TEL caiUant— 2.2 cc.^al. 

Data siipiillod liy E. T, diiPont do Nemours & Cu, 
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Year 

Figuke I. Actual and estimated tretraethyl lead demand on United States producers, 1948-67 (Presented by F. /. duPont dc he- 

mours & Co,, Inc .) . 



Health and Environmental Data 


Public Health Service 

Tim Pviblio Healtli Service lias no knowledge of any occurrence of 
clinical lead poisoning in the manufacture, blending, inixing, or use of 
TEL or ill the use of leaded gasoline since the adoption of tiie recom- 
mended regulations of the 1020 Committee. It is known, liowevor, 
that some deaths and clinical cases have resulted from the cleaning of 
tanks containing leaded gasoline. Altliough the recommended regu- 
lations did not include tank cleaning, this operation has heen covered 
hy suhsecpient safety measures advocated hj^ the niamifactiirers of 
TEL and the petroleum companies. 

Since the 1925 investigation, there have been no follow-up studies 
of large pojmlation groups on how adding TEL to gasoline affects 
the total body burden of lead. This information is vitally needed h}' 
the committee. It is known, however, that the population is exposed 
not only to lead discharged by motor vehicles hut also to other sources 
of lead in the atmo.sphere and tliat the body accumulates lead through 
food, Avatcr, and tobacco. Ilesearch has shown that blood lead concen- 
trations of individuals with no industrial lead cxpo.surc range from 
0.01 to O.OG mg. per 100 grams of whole blood and urine lead ranges 
from 0,01 to 0.08 mg, per liter. Because of the vastly improved micro- 
analytic methods for determining lead, it would be fallacious to com- 
pare these values with similar ones obtained before the widespread 
use of TEL. 

Tlio significance of natural sources is suggested b}' Kehoe’s findings 
of measurable amounts of lead in clinical specimens of a remote 
Central American tribe (4) , A considerable body of information is 
available on the concentration of lead in tlic atmo.spheres of metro- 
politan areas, A 5-year atmosplieric pollution study of Cincinnati, 
Ohio, revea,lcd atmosphei-ic lead values ranging from less than 0.1 to 
11.5 micrograms per cubic meter of air, with an average of 1.2 micro- 
grams in rural areas, 2.0 in residential area.s, 3.2 in industrial areas, 
and 2.7 mici-ograms for all areas (5). The most compreliensive data 
come from the National Air Sampling Network of the Public Health 
Service (G). Information obtained in 15 cities in the United States, 
shows a range in atmospheric lead values from a high of 9.5 micro- 
grams in Philadelphia to a low of 0.5 microgram per cubic meter iu 
Minneapolis (table G). Since the sampling site varied from city to 
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tul-y and was seldom in areas ol lieaviesi. traflie or industry, 
A^alues are not comparable, nor do they necossiu'ily I’ep resent maxi- 
mum conccn trail ons. 


Tahtjc a. part ton laic ulmoxiihcrfc lead concent ratt(»n< in aclccfcd rilicfi 


City and population size 

Av(‘iagii 

values, 
mierograms 
per enhic 
meter 

City and population size 

Aveiage 
values, 
iiiicrograuis 
per cubic 
meter 

Over 2,000,000; 


From 50n,0G0 lo 2,000,000 “ Continued 

1.2 

Los Angeles 

,5.2 

Portland - 

Detroit 

2, 9 

Alhiiitn 

1.8 

Philadelphia 

0,5 

Ban Francisco 

2. 1 

Chicago,-- - 

New A’’ork - 

From 5011,000 to 2,000,000: 

2.8 

2,8 

Miimeajjolis - 

Less than .500,000: 

Fort Worth 

. 5 

.8 

Oinoinimti 

1.0 

Clair le.sl on. 

L i 

Ivansas City - - 

1.0 

Louisville 

. 0 


Bnsod on tables in reforcueo 7 , 

Valiifisoblainort in noTi urban arensin tliOTleinity ofwjrtain eit iesi iins^efi nin D.l to 0.9 niierogram per cubic 
nif tor. A moro recent report of tbe r ublic Health Service Kives iiiaxiinuin, in in I mum, averaRC loiul concoii • 
LnUions and monthly averages In 50 cities participating in the naiional Air Sampling Network. Avvi agc 
values rniiRotl from 1 to 57 microgranis of lead per cubic meter and pronounced seasonal variations iirc ap- 
parent (0). 

Tho Ronorally nceepled maximum allowable concentration for industrial exposure based on an 8-noiir 
workday Is 200 inicrograms per cubic meter. 



T ec 1 1 nical Aspec t s 

Statement Preseiiletl by Dr. Geoige F. Kirby, Vice Presideni, Research and 
Development, Ethyl Corp. 

I — Scope and Conclusions 

Since tlu*. ronciMiti’ation ol' leti'jietliyl lead (TKL) in niotoi' 

gasolijio has been liiniUMl to »> ml. per oallon. This limit; was estab- 
lished i’ollowinja' ji, I'ppoid. ol an advisory (‘ommittoc coin'Oiied by tlm 
Snro’(a>n Goncj'al of the Public Health Service*. 

As a- result of technical ami e(*on()mi(* develoi)ments during' the in- 
tervening (V2 years, many refiners are now a|>pi‘oaching (he o ml. /gal, 
limit; and would benefit Irom an upwai'd revisioti in tlie permi.ssilde 
concent rat ion. 

Tlte present committee will consider whether such an ninvard re- 
vision ol the TEL limit is in order. .Room lor such an impiii-y is left 
hy tin*, basis on whi(*h the ml. TEL limit was originally (Tosem 
S])eci(i(.*ally^ this level was selected ])rimarily foi* (ec.hni(ml rather 
than hygienic reasons and is l)ased. on considerations which are largely 
superseded by moi'o recent tec.bni{*.al knowledge and experience. 

Through intensive work in the ai'ea of the commitlee-s Held of 
inquij’y, a considerable body of technical and economi<; data has been 
accnmiibited pertaining to the need lor i*aising the TEL limit. Tliese 
data are]U’esented in section IT. 

Oil the basis ol these data, we have reac.died the conclusion that 
an increase in TEL concentration above H ml. will liave (he following 
n 07 m f) ejfe c As* / 

(1) A saving of our national crude oil resour(*es 

(2) Decrease in Intiire (ra|)ita1 re(iiiireinenis by oil refiners 

Q\) Improved ability ol many refiners fo meet {competition 

(4) Economic advantages to the motoring public 

During the past few years, we have carried out tecbni(nil investiga- 
tions on the Hafety a-^peuytfi of ibe proposed inccrease, and tlmse findings 
are re[)orled in seefiou TIT. Krom t:hem we have drawn tlie lollow- 
ing conclusions: 

(1) The use of 4 ml. per gallon is ((‘clinically stmiul from the 
point of view ol engine durability. 

(2) The composition and particle size ol particulate lead coin- 
])ounds exhau>sf(‘d from automolnles is not cbaiiged by going 
from ml. to 4 ml, per gallon. 
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'rt^rhniral Aspects 1 *^ 

{H) Tlii^ prestMicu of TIOIj in jnoior gasolines tlocs not. inlliiftix^^ 
smog i'orJ nation. 

(I) The prfi^siMH’o o:i' TVJj in motor gasolines <loes not influeuoo 
ilio level n( eye irritalion, aldehydes convent ration, and riiV)- 
ber cracking due to ctjntaot with nxliaust gases. 

Accordingly, it is <nir (a)iudiision that, ajiproval of a -t nd. gHllon 
TML concoid ration in aiitoinolive fuels will liave a favorabla oitn<M. 
oil tlie natioind evononvy without creating a piil)]ic lieallh liaxard or 
iL technical problem iii (he areas discussed herein. 

It ’will be the purpose of tins statement, to provide information on 
Avliich the foregoing conclusions ai‘e based. No attempt is nnulc here- 
ill to reach conclusions on medical aspects involved in an increase ol 
Tlih limit :|-j;oin 55 ml. to d niL/gab 'riiis phase is covered in it 
separa t o report subinitt eel by Dr, Robert A., Ivehoe. 

II— Economic Aspects of TEL Concentration 
Technologic Need for TEL 

Anti/moob ^^eqidrcmenls ?n f/asolhte, — ^'.rhe efliciency of a gasoline 
engine depends priinaril3^ upon iis compression ratio, lij’^ defuiilioii, 
this is the ratio of the voliinies inside tlie combustion chamlier at the 
end and beginning of one pision st roke. The higher the coinpi'essioii 
ratio, the more ellicicnt is tlie engine in terms of jia^ver and fuel 
economy. 

Figure 2 shows typical iniprovenients which can be achieved in find 
ecoivomj^ ^ls the compression ratio of an engine is increased, lluis, at 
current and foreseeable compression ratios, an increase in < 5 onipression 
ratio from 8 : 1 t<J l+.o : 1 will increaHC niik>ag& per gallon by 30 per- 
cent if other conditions remain eepial. No matter what the size or 
weight of the automobile and no inatler wlnit its equipment, its gaso- 
line consnmjjlion will he less l»y virtue ol' a higher ecinipression lalio. 

As a. result of these advantages, there has been a steady trend to- 
ward increased engine, compi’ession ratios. This is illnstratcd by 
lignrc 3 which shows that the iU'ernge compression ratio of passenger 
cars in prodmdion rose i'rom 4.-1 in 1025 to ai)proximately 0.5 at the 
jrresent time. 

As the compression ratio in the engine is increased, there is a 
tendency of the fuel to cause a linocking. Such knocking is objec- 
ticniablo liecause it', is a waste of power and can be harmful to the 
engine. However, it can l)e eliminated by using gasoline, of improve<l 
(juality. 

Tims, the liigldy efficient automolive engines in public use. today 
have been made possible by two simultaneous major efforts ; Tlie de- 
velopment of high-compi'ession engines and the. dc^'elopment of high- 
qnality gasolines which can be. used snlisfacim-jly in those engines. 
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Fjgurk 2, M ties per gallon in relation to compression ratio. 

In iliis connection, (lie key criterion of fuel quality is (lie antAknoclc 
value which is measured in (:erins of octane nuiuljei;,‘ Figure 4 illus- 
trates how the avei’age octane numbers of regular and preiniuui grade 
gasolines have risen steadily since 1025, a trend wlvicli still continues. 

jUlethods for inmiashiff octane mMubers . — The refiner Inis at liis 
disposal two metliods for increasing (he octane number of his gaso- 
line. One of these is tlio addition of TEIj, whidi is the most eifective 
known antiknock agent. Tlio other approach calls for upgrading 
by means of refinery processes. 

Until about 8 years ago the processes developed by the refining 
industry to increase fuel antiknock quality were such (hat they also 
increased the amount of gasoline obtained from each barrel of crude 
oil processed. The main processes iji this category are thermal and 
catalytic cracking of gas oil and middle distillates obtained, from 
petroleum. These techniques, liowover, have about reacluHl their 
limit in improving antiknock quality. 

Tlierefore, refiners now liiid it necessary to utilize reforming proc- 
esses. In these newer pi’ocesses, gasoline of intcriiiediiite quality is 

i**Octnne numbor’' of a tost gnsollno is definort as the percent Isooctano in a mixture of 
l*oetano and n-lieptnne whicli 1ms the same antiknock eh nracteri sties as the tost gnsolliio, 
A high octane mi in her denotes high antiknock quality of gasoline. 
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Fi(;iji(K 3, Avcrafic comprcasion rallo of passenger cars hi production since 1925. 

lJu*. fcijclsl;()ck. Til llie coiirsn oT processing', the iintiknock value is 
raisiMl but some of tlie gasoline is converted to other, less valuable 
products. As a resuli., the amount of gasoline reeoiau'od per barL’el 
of crude oil is decreased. 

T t i s es I i n m te d 1 1 1 a ii tl i e i nd i istry to d ay r ej ) recesses a boil t J . a in il 1 i ( >n 
liarrels of gasoline per day in (Jiis manner to meet current antiknoclc 
([luility recpiircanents. This treatment is accompanied a loss in 
yield amounting from TO io 20 percent of the gasoline reprocessed. 
The problem is compounded because the industry is already using al- 
most (lie entire available sup|>ly of feedstocks ivliicli are most suil:able 
for this type of processing. 

Ill almost eveiy instance, octane improvement is accomplished 
a combination of TEI^ addition, and processing metliods. The bal- 
ance between these Invo methods foi* achie^^ing octane improvement is 
struck by the refiner with a view to the most favoralile overall 
economics. 

Ill tliis ])ictnre, the use of '.PEL oilers tlie rcfmei- the followiiif? 
economic advantages: 

(1) Lower consumption of crude oil per gallon of gasoline pro- 
duced, since further ipigrudiiig of gasoline by reforming 
metliods causes a decrease in yield. Present level of TEL 
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Figure 4, Average octane niimhers oj regular and inemium grade gasoUnea since 1925. 

usage saves an estiniaied 250 million bari'els o:t crude oil each 
year in tliis ni aimer. 

(2) Eediiced capital requirements since equivalent processing fa- 
cilities need not be built. In this manner present level of 
TEL usage lias saved an investment estimated at more tlian 
$1 billion. 

These benefits associated with current TEL use can be extended as 
the approved concentration limit is increased. 

Reslrictiveness of Present TEL Limit 
The figures cited in tlie preceding* section concern the United States 
economy as a Avhole. It should be borne in mind, however, that tlio 
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iunoMMi; of 'IM'Mj nsi'd. in liiisoliiu' viirieH from roliiirr to rcdiun' find 
from du.v to day, jnsl. aa variations oamrin tlic. mdoadt'd gasolinas. 

WltilJ tin; ovi!J-all avaraga aoncantraliiai of '.I'EIj in motor gasolina 
is cnrrandy 2.0 ml. par gallon, tliai'a ara a gnait mairy individual ra- 
finers wliosa partianlar ratpiiramants lia\'a made it naaassary f*>i; IE*'"' 
to approacli tlia prasaiit linut of 3 ml. par gallon, asi)acially in ll>a 
praminin grada. fuel. In IDisS, gasolina, containing hatwaan 2.0 and 
;i.{) ml. '.i’EL aeaonnfad for .‘i:! iian-ant. of all gasolina and GY porcant 

of all pramium gasolina pi'odncad. ... 

Ilafinars oparaling in tins range of TIOL aontant ara dapriva<l of 
day-l)y-day oparaling tlaxiliility, and tliay faaa a diitianlt aaononvn; 
aomi)atitiva situation as Ilia octana nnml)ar of markatabla gasolina 
continnas to incraasa. 

That snail a aontinning risa in oatana nnmhar will davalop is onr 
dafinila axiiaatation. Onr prasant astimatas indiaata that incraasa 
in antiknock quality will aontinna until tha octana nnmbcr raaahaa 
:l()0 for ragnlai- grade fuels and alioiit lOa for premiinn.s. This coni- 
])ares with octane numbers of 02 and 00 at the present time. 

■\\''ith siich a trend in the oll'ing, it is certain that tha nnmher of re- 
finers approaching the 3 ml. TEE limit will increase rapidly. Our 
e.nri’eut forecast, anlicipides a national average lEL concentration 
of 2.Y ml. by 10G3. 

Advantages of Increased TEL Concentration 

AVith so many refiners ap|)roaching the 3 ml. limit and with con- 
tinuing upward prcssui’e on the ocfaiie ninnber ot gasoline, we have 
found considerable interest on the part of refiners in the possibility of 
using TEL in e.xcess of the present limit. From the national point 
of view, we can see four signilicant lienetits which an increase in the 
TEL lini i t can achieve : 

(1) 'I’lic more extensive use of TEL will preserve our national 
crude oil resources since it will minimize the amount lost in 
severe upgrading processes. 

(2) AAniere the use of higher (joncent ration of 'PEL is economi- 
cally tlie most attractive route, it will have tlie cll’ect of de- 
creasing capilal re()nirements hy oil refiners for new process 
installations. 

(3) Most particularly, accessibility of higher TEL concoutra- 
tious would he of s])eci(ic ad^'antagc to many refiners who 
are unable or find it untimely to raise capital for process, 
equipment that they would otherwise need to remain com- 
petitive in antiknock quality. 

(4) The overall effect Avill Ijc the availability of a more economic 
soui’co of gasoline to the motoring jpnblic. 
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III — Safety Aspects of TEL Limits 
Basis of Present 3 nil. per Gallon Limit 

Before revision of the presently eshiblished limit on TKL concen- 
tration can be considered, it is necessary to review the l)asis on Avliich 
this limit ^vas established in 1D2(>, and to determine wbellier tliis basis 
is still valid in 1959. 

When TEL was first introduced in 1923, 3 ml. per gallon 'I'Etj was 
felt to be the highest concentration justifiable on a cost eirecliveness 
basis. This choice was subsequently fillirmed by tlie Surgeon General’s 
committee as a safe hygienic condition and was established as a limit. 
There is, llo^Yeve^, nothing in (he underlying work wliich would sug- 
gest tliat 4 ml. per gallon is a harmful concentration; indeed, thei*o 
Avas no A^alkl reason at tliat time for lesting such higher 
concentrations. 

The technology situation wliicli led to (ho establishment of the 3 ml, 
limit in the 1920’s took account of the typos of gasoline thou in com- 
mon use, of their I'esponse to TEL, and of (he relalBTly Ivigli pri<!e 
of TEL which prevailed at tlie time (1.0 cent per mb vs, aboiit 0.2 cent 
today). Furtlicr account Iiad to bo taken at the time of the adverse 
cftect of high-TEL gasolines on the durability of tlie automoliile en- 
gines of tlint era, 

The technologic basis wlrich controlled selection of (he 3 ml, jnvr 
gallon TEL limit in the 1920’s is no longer A'^alid today. .Refining 
methods today differ from processes then in use. Tlie resulting gaso- 
lines are of diiTcrent cliaracter and lead response, TEL price has been 
greaiJ}^ reduced, and modern engines arc avcU aide to co])e with gaso- 
lines containing 4 ml. TEL. 

Advisability of Raising the TEL Limit of 4 ml. per Gallon 

Two ko^y considerations made us invesdgato (he advisability of 
raising the TEL limit above 3 ml. per gallon. 

(.L) The economic need Avhich is dcA^d oping for such an increase 
as a result of modern technology, and 

(2) The realization tliat the basis on ivlvicli (he present limit was 
selected does not jireclnde consideration of liiglier concentra- 
tion, since 3 ml. per gallon had no(: been es(abli.shed as an 
upper limit from the iioiut of idew of public safely. 

We have felt strongly thut a change in alloivable TEL limil: can bo 
considered seriously only if no adverse elfect Avhatever would result 
to the public interest and health. We have (herefore curried out ex- 
tensive tests and studies designed to answer the following questions : 

(1) Is the use of fuel containing 4 ml. TEL per gallon technically 
sound in today’s automobile engines? 

(2) Can the upper limit of TEL concentration be raised above 
3 ml. per gallon safely, that is, Avithoiit resiiltiug in a hazard 
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to public hojillh and \v(‘l.faL'C Uivoug’li any means, including 
lead poisoning, smog formation, or formation of irrif/ants? 

Our studies indicaite {in aflirmativc answer to botli of these questions. 
O u r t echn ic si 1 fi 1 1 d i n gs bea ri 1 1 g on these po i n ts a re suinin ar i zed b elo w . 

Ejfeot of Jf.th milUliter TEL on engine (InrahilUy. — As suppliers of 
fuel sidditives 1 o tlie petroUMini industry, we fell; that we hud to assure 
ourselves that increasing tlie amount of TEL in gasoline would not he 
harmful to engines. 

To determine this, our laboratories have carried out an extensive 
investigation of the engine effect of gasolines containing 4 ml. TEL 
compared to the same gasolines containing 3 ml. These tests were 
(Uirried out in passenger cars, trucks, furin tractors, stationary engines, 
and other equipment. The resnlts of these studies have convinced 
us tliat, ill the utilization of fuels containing 4 ml. per gallon TEL, 
ifiero will be no undesirable effects with regard to the durability 
aspects or the deposits built up within the combustion chamber of the 
modern gasoline engine. 

Effect of ml, TEL on farUcvlate lead ecchausted^ from engine , — 
E(;hyl Corp. has carried out intensive investigations on the character 
of particulate lead exhausted from engines wliich are run on TEL- 
containing gasolines. 

Tests were carried out in which engines were run midcr different 
conditions. AH the exhaust gases were passed tJirough an electro- 
static ])reci pi tutor which collected the particulate matter for later 
study. Techniques, equipment, procedure, and results of this investi- 
gation were reported to tlie American Chemical Society in September 
1950. This paper (^‘Particulate Lead Compounds in Automobile 
Exhaust Gas^^ by I-Iirschler et ah) appears in Industrial and Engi- 
neermg Chemistry^ voh 49, pp, 1131-1142, July 1957, 

Briefly, this work indicates that, when vehicles are operated under 
conditions approximating those of city driving, from 20 to GO percent 
of the lead entering the engine is emitted to the atmosphere as par- 
ticulate matter. The balance of the lead either accumulates in the 
engine, I he lubricating oil, or the exhaust system of the vehicle or is 
einittiid during high-speed driving or under conditions of heavy accel- 
eration, High-speed driving conditions, which are responsible for 
tire greatest load emission, are, of course, encountered mostly in rural 
areas. 

Tlie studies were so cari.'ied out that we could not only investigate 
the total amount of lead being emitted but also determine (lie particle 
size distribution. It was found tliat, under city driving conditions, 
about 27 percent of the lead emitted would bo present in particulates 
ill excess of 5 microns in diameter. These particles would be expected 
to settle rapidly and not remain airborne. Under heavier operating 
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condiirioi^s (cot4T.s|H)iulinj[^‘ io opoii lii^'hways) l liis 

ngvi was i'Oiind lo inereasu l.o aboiii; 40 pcrtaMil. of (lio l.ohil h'jul (Miiil Ital. 

.1 Av a s a 1 so foil 1 1 d 1 1 1 at T 10 L C( m ( ■ ot 1 1 . ra ( . i ( > 1 1 is 1 i i u * a i ■ 1 y i -id a 0 m I I ,o f . I k ^ 
lohil anioiint of particulalo load oiiiiMod and that it has no infhtioico 
ou tlio particle si/o distribulioii oi' coiipiositioii of (lu^ (^xhaiisfcal lead. 
Thoi'efore, wo would estiniaie that (he inc)’eas(‘ in (lie amount of air- 
borne lead in the atniosiibere resiiltin<>* from automoti V('. iisi*. oT [VFJj 
would be essimfially in direct ])roportion (o the iiicreasi' in ave.ra^'e 
TEL concei i (a'atiom 

Kffcct of TEL on formation of atvionpherio }<ino(j a ad irrihddfi ,- — 
Wi(:Ji tliB ^Towiiij^’ eoneern (wer smo^', we also felt it n(‘-ceHsary (o div 
termine wlietlier or not TEL in gasoline could be a fa(‘b>r. Accord- 
ingly, wo sponsored an exlBiisive s(:.ndy at (Le Midwest Eescaiiudi 
inslatute, Kansas City. Itesnlts are piiblislied in 1 adn}<tri(d and- En- 
gineering Ghenvif^tvg^ vol, 50, pp, April ;ll)58. 

For the study, the laboratories used (;wo large smog cliainbm's, (Mtcb 
of about 2,200 cubic feet capacil.y. In a. serii's of (.esis, th(‘. (dnunbers 
were operated viiider air conditiojis t^ypic.al of tlie lais .Angeh’S a(-- 
mospliero during severe iuA^ersion. Under such, conditions, sininlta,- 
rieous introduction of aiitoinobiie exliaust and of sunlight int.o (lie 
clianiber caused typical smog symptoms. 

To determine wlietliei* TEL is a (‘ontrilnitory fa(4or lo this smog- 
forming tendency, a statistical ly-ilesigned series of expinliiKmls ('oni- 
pared the emission from a lead-free iiremium gasolim* willi i‘xbaust 
from the same gasoline containing 8 ml. of TEL willi two diirereiit 
scavenger compositions. TEL used coimnercially is mixiMl wilb 
‘Wvongers^’ wliiclibave Ibe purpose of removing lead deposits from 
tlie engine, Tim commercial scavengers are ethylcme diliromidiA ami 
ethylene dichloride. One of the scavengers nseil in Ibe. (cst. cor- 
responded to the standard “Motor Mix” wliicli is by fai‘ ilu^ most 
widely used form in wbicb, TEL is added to mol or gasoline. The 
other scavenger compositions correspond to (be (•oiiim(M‘cially avail- 
able “AFotor Pins” in wbicb (be elbylene di bromide (*on(*en I ration Is 
about 20 percent liiglier. 

IJio tests revealed (bat the addition of rega rd li^ss ofst'avimgi'r 

concentration, is without significant inllueiice on (Ih‘. (uanii-remtiwif 
sucli substmices as iinburned hydrocarbons, nitrogen oxides, oxidant, 
concentration, ej^e irritants, aldehydes, and rnbbei' cracking ageiils. 

.1 1 lese n i ater i a.l s are 1 1 si lal 1 y c oi i si d e red. 1 cey f { \ (• t ( > j.*s 1 1 \ sn i ( )g ;jV) i ' 1 1 1 a t i o n , 

Specifically, ligure 5 shows that tliere is no signilicant dillerence 
among the three fuels (leaded and unleaded) insofar as iinbiirnt'd 
hydrocarbons, nitrogen oxides, and oxidaait concentration \iiv. (a>n- 
corned. The dotted lines show the 05 pendent con [idem Jimils, 
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Leaded and Unleaded Fuels 


Fkmirk 5, Kjjccla oj tetraethyl lead and fluid mixes with relercnce to hydrocarbons, 
nitrogen oxides, and oxidant (dashed lines indicate 95 percent confidence limits ) . 


Similarly, G sIioavs Uiai’, t-liero is no si^’iiificant diirereneo 

{unoiig* dio Miroo fiioJs as to eyo iri'i! jit,ion, aldoliydes concontrat/ion, and 
rubl)or craclcing olfoct, 

Tliose studios woi’b coidinod to TKL coiHaud i’ations of 3 nil. Nov- 
ertludoss, tlio obsorvadon tliat 3 nil. 'PEL lias no olToct on (■luMx'cair- 
o f smog J'orniors and oevtaiii niiisanco products leads us to expect 
i;]iati no serious problem 'will arise in t.liese I'cspeids by increasing TJ^ I j 
( loncentral ion lo 4 nil. per gallon. 

Effect of Raised Limit on Actual TEL Concentration 

In dis(ius.sing tlie rostrictiveness of the present TEL limits we liave 
])()iutcd out that tlie present United States TETj (toncenti*ation 

is 2.0 ml,, far short of the 3 ml, limit, ^.I3ic ininieiliale ikhmI 'for a 
higluM’ aj:)proved liniit is faced by indivkhtaj i*eliner.Sj whose luiniher 
may be exj)e<d:cd to iiuireuse in tlu^ near future. 

With so many refiners still below the presently ap[)roved maximum, 
it follo^vs that an increase in the approved TEL coiieentration wulliiot 
cause an overnight jump in the national average TEL conlent. In- 
stead, we os ti male that :fnture development in national average TEJ ^ 
comuMitration will follow the trends shown in figure 7, it will be 
noted that a 1 milliliter increase in approved TEL limit wdll raise the 
average concentration in 1002 ])y only 0.2 ml. By 11)03, we expect that 
the average concentration will have been boosted by 0,4 cc, or 14 . 
percent. It will be during that year, incidentally, tliat the nntionnl 
average would I'each the presently approved limit of 3 ml. ])er gallon. 
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luGunE 6. Effects oj tetraethyl lead and fluid mixes with reference to eye irritatiojii 
aldehydes, and rubher cracking {dashed lines indicate 95 percent confidence limits ) . 



Year 

1‘iGnnE 7, Estimated annual average tetraethyl lead concentrallons 
for United Slates pool gasoline, 1958-^63, 


Rubber Cra eking, ®/36 
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7 W/f fiical A sp cel s 

A imtiojuil nviH'txgv, is not rt‘|)j-(>sentntive of i\u\ r(‘^ional average's, 
jj - 1 tiCG the ainoiint of TKIj iisial is riot the Sitine in ili Iteroiit pai.'ts of Uu! 
^-oinitry. To give this coinntittee a. nioro <tGtaiIc;d picture of tliii 

irobablo effect of raising (lie TEL limit, (able 7 jn’ovieles a geograpliio 
l^veaMowu of aiiticipaicd increases in actual regional TEIj conccn- 
i:.:irtxiion iu 1963. 

IV — Summary 

Til suininary, wo list tli(^ inirious technical fao(or.s Avhich appear lo 
l 30 pertiiioiit in considering (die*, possibilitj^ of increasing the approved 
from 3 ml. to 4 ml, pei* gallon. 

1, Octane ninnbers of gasoline will continue to increase, witli 
ooonoinic adinintages to tlie motoring public, 

Q, These additiojial octane numbers (;ould be supjrlied in part by the 
gT'eater use of TEL antiknock coni pounds tlnni is now iiossible, at a 
^ii.ving in oixn;ating cost, capital GxpendLtnros, and ]iaturnl petroleum 
x'esourcGR. 

3, The 3 ml. limitation was originally clioscn for teclniical rather 
I'JiJtu hygienic reasons. The technical Hitiiatlou presents a changed 
pioture today. 

4. According to oiir investigations, the use of 4 ml. TEL per gallon 
is tecluiically sound from an engine durability standpoint. 

C. A broad study of J3articnla(:e lead compounds cxlnuisled from 
rrxrtomobiles shows that tlio composition and i^arllcle size are not. 
iix flnenocd by going from 3 jnl. tod- ml. TEL per gallon gasoline. 

G. Studios carried out by Midwest Rescarcli Instihite in smog 
oli-an'ibcr.s indicate tliivt exlnmsted lead does not influejice smog-. 

T. If the limitation in TEL nsage is raised from 3 ml. to 4 ml. per 
gallon, the increase in actual T'EL conceiitration in gasoline will (wenr 
^x^adually. 


L15 7. A ) 1 1 / cip a i cd htorcii sc in t oira el h yl Urn d conce n tr a I ion 1) y geo ymp hio 

rcgiO}it 190il 


region 

coil- 
CGiUrntion 
prosciit csH* 
mute for 1903 

Iiicroasi'd 
iisngfl for 
4t)i ml. 

VcreciU In- 
ereaaft over 
lll'OSWlt cstl- 
miilft loi llJOli 
(liio fo411] ml. 


2. 82 

0, 62 

00 



3M: Ulwcst... 

2.75 

.4.1 

10 

f Coast 

2.<>1 

.17 

6 

AVpst Const 

2.60 

.63 

20 

H o e U y Moiintflln 

2,51 

.46 

18 

-A.1 1 XJnitoc] Stnlcs 

2. 70 

.37 

14 


Additional Technical Data Sapiilied by Ethyl Corp. 

^Vt the request of various mcinhers of the Committee, additional 
iix -formation on specitlc quesiions was snpi>Hcd by the Ethyl Corp. iu 
Llxo following four memoranda. 
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Tetraethyl Lead in Motor fuel 
K'l\EiyL CoiM.*01{A‘i’l()N IvESKAKOlI I.jAliOI{A'rOIUl':S 
Memo ran diwb 

jAXUAliV 1.4, 1951). 

: Losul Conct*iitr}\ii()]i in ij iHlilultMl Exhnusl: Gas 
The. ainoimt o:i: lead exliausied by eai's driven on a iesi cycle typical 
of ci(y-(y])e sei'vi(.'e has been found in our studies to rano*c b(!.t\veen 
20 and 00 percent of the lead bn nuu I . Values in tlie lower range 
prevail wiieu the car exhaust system is fairly clean, such as in a new 
car or in a car whicli lias been driven in liigli-speed highway servi<*e 
prior to city-ty])e driving*. Values in the higher range prevail alter 
a car has been driven for several thousand miles in low-speed, city- 
type service. Ihised on these results, a reasonalile estimate is lliat Ihe 
ty|)icjil city -driven cai* exhausts half of the lead burned. 

To express these values as concentrations of lead in iindiluled ex- 
haust gas, the volume of gas produced by a given quantiiy of fuel and 
tetraethyl lead must lie known. Gas volumes were not measured di- 
rectly ill our exhausied-lead. studies liecaiise composite samples of lead 
were collected during a variety of Irnusient and steady -state condi- 
tions, and gas volumes were rapidly clianging. .Mowever, an avei*age 
gas volume per unit of lead burned can be compuled readily and used 
to establisli approximate averag'e concentrations of lead. 

At an air- fuel weiglit ratio of 14 to I, which is about average for 
the cily-driviug test cycle, 1 pound of fuel burns lo produce IDt 
standard culiic feet of exhaust gas. One iionnd of fuel at a TIOG 
concentration of nd. per gallon also contains O.rjvit gram of lead. 
Therefore, if 50 percent of the lead burned is exhausted with the gas, 
the gas contains l.M milligrams of lead per cubic foot. 

This value may be relined further to include lead in specilic particle 
size ranges. Particle size distriliution of exhansled lead in two makes 
of cars was found to be as follows during city-type di-iving tests: 


Weif/ht pcrcnii of e.vhaitfftcd lead hi parficlc ,v^e ranffcs 


Partiolo size in 
microns 

Car a 

Car At 


:r article .size in 
iiii<.'r<)ns 

Car n 

C’ar iM: 

A v('ra!?(! 


Percent 

Pc.rcenf 

J^crcent 


Perce ill 

J^ercevl 

J^ercent 

1 

lifi 

a. 7 

3.7 

5-10 

1. 1 

1.8 

l.'l 

ij-i 

in.ij 

lo, 1 

15. Ti 

More limn 10 

21. -i 

30. 0 

20. 0 


IS. tt 

u;.5 

17. 7 

Unclassified 

12. 1 

M.O 

13.2 



la 2 

n. ‘1 

13. 8 





4-ii - - 

10. f) 

0.0 

8.7 


10(1, 0 

100. 0 

ion. 0 


Tliese values, applied to lead concentrations in exhaust gas, produce 
iho following values: 
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Lead vouevHfraf iofi of CiihttH.sf tja^i con to in in !/ nO percent of the lead hunted hi 

the fuel 

Tohil lead (all siztis) l.:M; inilligi'ams leiul/Vu. :f( . 

5 microns and siimltei* 0,70 niilligi'iuns leiKl/cii. it.. 

T) microns and smallei'j plus unclassified 

lead 0,07 tnilli<^'ranislead/cu, ft 

(Signed) I). A, Hiasciira'ia, 


E'I’iiyij Co]{i»onA'('iox I1 i':seai{Cii LAnoRATOuiKs 
d/ emorand/U'ph 

Janitaiiy 14j lOM), 

Subjeef;; Lead Kehiined by Auioinol)il(‘s 
As a ])ai*f; of onr study of exliaiisled leadj an examinaf ion was made 
of two passenger cars to defeririine the amount of lead I'otaijiod by 
tbe cars and the location of this lead. The same two cars also had 
been used in exhausted-lead studios and were exposed both to city- 
(;ype driving and to liigh-speed, severe driving oondilions. Since 
liigh-speed driving tends to ex|)el deposits of lead which accunuilate 
during city-tyi)e driving^ the lead retained by the cars undou)>tedly 
is less than would he found in <iars driven oidy under mild, city-1 ype 
conditiojis. Data are as follows: 


Lead‘ rGlained h^f aaiomohilc exhaust system and luhricatiny oil 


Itotn 

Car make 11 

Cur make M 



1, 1;V1 

Totfii lend '1)11 mild, - 

T.md ri’covoi'fid : 

Oyl. heads and iioinbnstion chninhers 

MnnUolds and exhaust pipes. 



Grams 

rorcent 
af Input 

1 

Gram.s 

rcrwnt 
of in]>iit 

70 

01 

217 

0 ' 
5i) 

fdfi i 
100 

l.‘l 

1,2 

'1,7 

.1 

1.1 

0,7 

:io 

117 

100 

a70 

11 

100 

(i) 

m 

2.H 
2. 4 
0. 1 
. 3 
2. 4 

Tailpipes.. 

Oil sludge... 

Oil nUors.... 

Oil changes . ^ 

in. 3 

Total reloiiUon 

1, 120 

21,2 

1. 143 

27, T) 


I Konc used. 


The results show that car B exhausted 78.8 percent of the lead 
burned during 26,0DG miles, while car M exhausted 72,5 percent of 
the lead burned during 19,845 miles. The.so values are consistent with 
the corresponding studies of exhausted lead, Afeasuremonts of ex- 
hausted lead showed the cars to exhaust from 20 to 60 percent of the 
lead burned during city-type driving. Under these conditions the 
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rest oi‘ the lead remains in the car, witli ])art ot it I'oriiiiMn’ deposits in 
11 1 (*, ex ha list sysl ein . During su l:)seqiieii t i'ull- tlu‘o( tie a(‘celei*a lions or 
higli-speed driving conditions, larger quantil ies of lead are exhausted, 
and some of (he previously'I'ormed exhaust system deposits are dis- 
ci nirged* Since the test cars luul been subjected to botli types of 
seiudce ]:>rioi.’ to analysis of exhaust systejii dei^osits, tlieir lead reteii' 
tion appears (;o be in line Avilh expectations. These studies are pre- 
sented in more detail in “Particulate Lead Compounds in Automolule 
Exliaust Gas,” l)y D. A. If irschler, L. F. Gilbert;, F. Lamb, and 
L. if. Niebylski {/udaslrkd and /i^u/hieerlnf/ Ghemisirj/^ \'ol. 41), ])p. 
l/l.;rDri42, jidy 105 

(Signed) D. A. Hiusoulku. 

ETftYL CoKPOUATlOX EnSEAnCJTt IjAliOItATOKIKS 

M emormuhinh 

Januauv 14, 1051). 

Subject: The Influence of Compression llatio and Fuel "heti'aethyl 
Lead Content on Oxides of Nitrogen Concentration in Automo- 
tive Exhaust 

At the temperatures existing witldn the combustion cluunl)er of an 
internal combustion engine, oxides of nitrogen are formed by the fix- 
a,l;ion of atmospheric nit;rogen. The amount of ()xygen available 
witliiii tlie coinl^ustion chainl)er and tlie lem|>oriitiir 0 attaiiual are the 
major factors controlling the degree of fixatioji. 

Since increasing compression ratio resulls in increasing the ])eak 
ten n ] )er a ti 1 1 v. of the wo rk i n g m ed i im \ , m ( ) re oxi d es of nit r < )gei i will be 
found at liigber compression ratios if there is excess oxygen avail- 
able. In figiu'e 8 frojn “Oxides of Nitrogen in Engine ‘J5xliaust Gas” 
by Gilbert, Ilirsclder, and Getoor, ])resented l)eh)re American Chemi- 
cal Society, September 0, 1.057, it can be seen tliat for iu\ increase in 
compression ral ios of one unit, from 7 : 1. to 8 : 1, tlie coiicen (ration of 
oxides of nitrogen was increased aliout 8 percent at an air-fuel ratio 
of 17.0 to 1 where tJiere was ample excess oxygen available. At 12.0 
to 1 air-fuel ratio, however, the increased temperatures resulting from 
increasing com])rossion rath) had no influence on oxides of nitrogen 
siiH?e there was no oxygem available for increased fixation. 

The presence of tetraetiiyl lead in a fuel or its concentration will 
not influence the oxides of nitrogen enneen (ration so long as the fuel, 
eitlicr clcai- or containing tetraediyl lead, is of sufllcient antiknock 
quality to prevent knock. Under conditions where the addition of 
tetraethyl lead to a fuel raises ils antiknock quality sufliciently to 
prevent knock, the teti'netliyl lead will reduce oxides of nitrogen by 
virtue of the reduction in temperature obtained by eliminating knock. 
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FrouiiK 8. Effects of compression ratio and air^luel ratio on concenf rations of 
exhausted oxides of nitrogen {CFli engine). 

Figure 0 from the paper referred to above gives data from a multi- 
cylinder engine substantiating these statements. Tlie upper, dashed 
curve indicates oxides of nitrogen concentrations measured at various 
degrees of knock intensity "Nvitli a 50-octiine number refcreiice fuel. 
'I'lie open circles on the lower curve show a reduction of up to 15 per- 
cent in oxides of nitrogen at comparable operating conditions when 
tetraetbjd lead is added to the fuel to eliminate knock, A comparison 
of the open and closed circles on the loAver, solid curve indi(^ates that 
the concentrations of oxides of nitrogen are identical under non knock- 
ing conditions when an unleaded fuel is compared with one contain- 
ing tetraethyl lead. 

Ill summary, wiieii oxygen is available, increasing the compression 
ratio will increase oxides of nitrogen. Increasing tetraethyl lead con- 
centration will have no influence on oxides of nitrogen unless the 
added antiknock quality reduces knoclc and then the result will be a 
decrease in concentration. 


(Signed) H. E, Hi^ssionuEaG, 
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FiGiiitr, 9. Oxides of nitrogen under knocking tnul nonknocking conditions 
(car A; 2,000 engine liPM), 


Exiiyr, CoiU’OHATION- llESKAltCrt Li\HORATOHIKS 
Memoi'cmdmn, 


Januauv' 14, 1950. 

Subject: The Iivflueiice of Tetraethyl Lead Coucoiitriltion oji Cata- 
lytic Couvertei'S 

Since the particulate decomposition products of tetraethyl leail 
niust pass witii tlio exliaust gas through an,y catalytic converter device 
that would be installed in tlie exhaust system of a vehicle, a certain 
l)erccntage of this particulate matter Avill bo deposited on the catalytic 
material witliin the converter. .In addition to the particulate lead, 
deposition will accumulate from unburned and partially unburned 
poi’tious of the fuel and lubricant, and some deposits will occur from 
(he additives in the lubricating oil. 

Witli certain catalytic materials, such as platinum, it is known that 
the presence of particulate lead very rapidly decreases the catalytic 
etliciency. No data are available to our knowledge relating the rate 
of this decrease in efliciency to the tetraethyl lead content of the fuel 
being used. Since it has been reported that the decrease in activi(.y 
when tetraethyl lead is present is of a draslic nature, it might bo 
nssumed that the relationship bet ween decreased efliciency and tetra- 
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olliyl load {*oneen( rat ion would ))o of a lo;^‘aj'il limit! ludiuT with Hie 
dl'sli jucroimMilal amounis of load oausiii^' (ho luajor (ItMToaso io 
ollioionoy. 

\Vi(Ji (ho juoro rooouily dovolopod catalytic (!on vector imdoi-ials, 
such as I ho vanadium ponloxido |■(•|)()l■iod by Ford Mot iir (Jo,, I ho 
catalysts apjuuir to ho l•olativoly ivsistant. (o loss in activity duo to (ho 
prosonco of |>ar(i(Mihit:o load. It has boon I’oport.od tliat: vi^hiclos 
o(piip])od with, such catalytic (onvertors have operated as long as 
i2/)()0 luilos without sutlorii^g serious dccroaso in catalytic ollicioiicy. 
This iniloa^’o acciuniilation was on coiuinorcially available fuels and 
it can. bo assiiinod safely that the tolraethyl load (‘oiicont-i’ation raii<^o<l 
from 1.5 to almost o.O ml. por j^’allon. A^aiu, no data, arc {ivailablo 
to our knowlcd^’o (:o indicato tho ollVui of fuel tetraethyl load coiu'en- 
tratiou on theli fe of catalysts of this ty])e. 

catalytic converter developed by the OxydJatalyst (!oi‘|). uti- 
lizes a catalyst of umlisclosed com])ositi()]i, but it appears to be rela- 
tively resistant to tetraethyl lead dec()m))osition products. Hei'o 
apiin, it lias been reported by Geiieral Motors Ke.search that satis- 
factory ollicdency has been ob(.ained for 12,500 miles when operated on 
loaded fuels. 

X-rny and electron dilfraedlon analyses in oiir laboi'atories on cata- 
lysts which luive been o])erated on leaded fuels indi(*al;e that I’eaction 
occurs between tlu», lead i)articulate matter and the active catalyst 
mntei.aah Tlvis reaction is midonbtodly related to tlie ev^eiitual de- 
(U’oasc^ in catalytic activity, InforniatJon is not., liowevei*, available 
wbi(‘li would permit |)re<lictinn‘ to what de<>*ree tetraetbyl lead concen- 
tration Avonld intlneuce this rate of reaction, 

(.)ur hiboiMories have underway, c\irrent]y, a cooperati ve pro/^'raiii 
to evaluate oi^e of tbe lead-resistant catalytic converters and we will 
bo developing* our own data on catalyst ediciency versus mileage 
accunmlation in typical, owner- ty|)e o])era(yion. We also Inive under- 
way a program aimed at the development and evaluation of catalytic, 
materials whicli will have sal.isfaclory (!onvej-sioii efliciency when 
operated on additive-containing fuels. 

(Signed) IL E. IlKssKiMmJai. 



Hygienic Aspects 

Stateiiieut by Robert A, ICehoe, M.D,, Medical Consultant, Ethyl Corp., March 18, 

1959. (Abstracted by H. N. Doyle.) (Full report to be published by Ketteringr 

Laboratory, University of Cincinnati, Cincinnati, Ohio.) 

Dr. Kc-hoe^s roport^ an expansion of liis remarks to the eojuinittee, 
is divided into two sections: (1) The consideration of occupational 
liealtli liazards involved under present conditions and tinder t-liose 
projected on the basis of an elevated limit; and (2) consideration of 
the public healtli liazard involved under pi^esent conditions and under 
those projected on tlie basis of an elevated concentration of TEL 
gasoline. 

Section 1 treats in considerable detail the liazard to worlcers in- 
volved in the manufacture, blending, transportation, storage, and use 
of TEL and leaded gasoline. It points out that increasing the con- 
centration of TEL from 3 to 4 nnlliliters per American gallon would 
not increase the hazard to the worker under any conditions of use or 
transportation of TEL or leaded gasoline. Tlie hazard due to niaiiu- 
factiire and storage may be magnified due to the larger amounts of 
TEL involved, but there is no reason to susp)ect that it could not lit? 
controlled. 

Since adequate hygienic precautions were instituted in the inaiui- 
facture, transportation and use of TEL, there Iiave been no significant 
cases of lead intoxication in exposed peivsounel. The first warning 
of a special problem involving the storage of leaded gasoline came 
in 1928, when a small group of men registered certain unusual com- 
plaints of illness following the cleaning of tanks that had l)een out 
of service for several months after extended use for storage of leaded 
gasoline. 

By 1940, there had been 80 well-documented cases of poisoning in 
the continental United States in connection with, tank cleaning and 
repair operations, with about 15 fatalitio^s. It Avas apparent by this 
time that drastic measures had to be taken to secure complete com- 
pliance Avitli tlie precautions. Accordingly, the Ethyl Corp. (at that 
time the only distributor of TEL) decided to use the members of its 
teclmical and sales field staff for llie supeiwision of all tank cleaning 
operations in the United States. Since the institution of tliese safety 
precautions [also adopted by the duPont Co.] the incidence of poisou- 

30 



ll ygia n ic A s pevts 3 1 

in^* in this couiiiry nisiilt iiio- froiu tank cleajung' (iperat ioiis has btaMi 
t^Hscuthilly noncxistwit. 

Potential ];)ublic liealth pL‘oblciiis result from tlio stiipimuil- of car*- 
goes of edible oils and otlun.' foodstulTs in lank ears pnjviously us(hI 
for leaded gasoline, the use of leaded gasoline in. gasoline lanterns, 
and the practice, especially in foreign countries, of using small leaded 
gasoline containers for household purposes. However, tlicre has been 
no evidence to indicate that t;hese x)roccdures luive endangered tlio 
general iniblic. Should tliese in fact be problems, tlie incrcaise of 1 cc, 
per gallon of TEL would hardly intensify the public health problem 
dno to tlie misuse of leaded gasoline or the transportation of food- 
stiitfs ill ta.nk cars which have contained leaded gasoline. This lattei* 
practice is discouraged but cannot be entirely prevented, especially in 
emergency periods wlieii tliere is a sliortage of taaik cars. 

Section 2 deals with the potential hazard to the general public 
resulting from the use of lead in internal combustion enghuis and 
includes a comprehensive discussion of the metabolism of lead by the 
liunnin body. 

Lecul in atmosphere of A'Oienmu cities 'with special reference to 
that derived from eichaust of motor vehicles, — ^TEL is decomposed to 
inorganic lead compounds in tlie combustion chambers of intormil 
(‘.onibustion engines. Under present conditions, a largo pioportion of 
tJ le exhausted lead is the double salt, lead chlor-bromide. It is possible 
that a minute quantity of TEL escapes combustion, but under ordi- 
.nai*y circumstances, little opportunity is atl'orded for 'J'EL to escape 
from the exhaust system. 

The metabolism of lead in an interjial combustion engine lias been 
thoroughly studied. It lias been, determined that a. large percentage 
of the load accumulates in tlie motor and exhaust system. Under 
conditions of high speed driving and rapid accelcratioiq the internal 
combustion engine discharges more lead into the atmosphere than it 
iiccumulates. The lead discharged under these conditions is in Ihe 
form of scale luul shreds, although some of it is volatilized. 

Under usual conditions of city driving, the discliarge of lead in(o 
the air is low because of the relatively low consumption of fuel, and 
the condensing effect of tJie exlianst system. The same is true to a 
greater or lesser degree when driving in congested areas of a (hly. 
IBecaiiso of the prominence of small size lead particles in the exhaust 
(Inring slow speed driving, tlie lead so discharged is readily dissi- 
pated by air currents. In whatever dilution it occurs in the breathing 
zone of man, the lead is respired and absorbed readily. 

Source of lead in vrhan atmospheres. — It appears to have been 
assumed by many jicvsons and even by some investigators that tho 
lead found in (he at^mosphere of cities and in tho open countryside 
is derived from the combustion of leaded gasoline. There were few 
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recorded deleriniiuiUonK of iitniospheric lead cojiceiitrations prior (o 
when '.rEL was introdu(‘ed as a gasoline additive. However, a 
few early observers, using the then limited ivmthods, found traces of 
lead and niany other elements in the atinosphere. Tlieso values were 
of scientilu^ interest, but of little hygienic importance. Precise nieas- 
nremeiits of lead in (he atmospljere have been made possible only by 
the lechnicologic developments of fairly recent years, and only since 
TEL came into use as a. motor fuel. There are many sources of at- 
mospherit^ lead contamination in addition to TEL/. The.se include 
the combustion of wood and other vegetat ion, the iinely divided soil 
ill the atmosphere, and dust and fumes from a multiplicity of sources, 
including the stacks of industry. 

The contribnlion made to atmosplieric lead content by tlie com- 
bustion of TEL ill automotive fuels has been dillicult to determine or 
even apiiroximate. Measurement of the lead in the air along certain 
thoroughfares lias sliown signilicant ((uantitative variation correlated 
with the density of motor tralKc, but the acd iiul proportion or quanti- 
ties derived from motor exhaust cannot he estimaiexl from the <hita, 
These statements pnqiort to empliasize the (xmqilexity of the problem 
and to direct discussion to its essential point, namely, that we are aiut 
will be concerned witli the toial C(nantity of lead in the atmosiihei'c 
and not solely with the atmospheric, lead derived from automobile 
exhaust. 

Q V (i)iti tim of lea d hi u rl) an a i/m osph eves . — ^T1 1 e m ost c oinp r el i en s i ve 
information on the qiianlity of lead, in nrlnin atmosphei*es has l)een 
obtained in Cincinnati and its environs. The conceidrat ion of lea,d 
in the atmosphere varies widely from somewhat less than one to more 
than six jnicrograms per cubic meter of air. These values increase 
as one goes from rural zonG.s outside the city to suburban, Inisiness 
and industrial areas, There are also seasonal variations, lower values 
being obtained in warm weather, and higher values in cold, 'l.'hc 
average concentration in Cincinnati was somewliat less (han 2 jnicro- 
grams per cubic meter. 

Surveys made in otJier eastern and middle western cities are in 
luirmony with observations made in Cincinnati. Kclatively low but 
jmt remarkably divergent results have been obtained in Minneapolis 
and Louisville, while higher but again not grossly divergent values 
have been observed in such areas as Los Angeles and Philadelphia. 
Lata obtained in Los Angeles and Pasadena in 1054, as well as data 
gathered from other cities, are especially useful in rm^ealiiig maxi- 
mum and minimum values. 

Because of the variability of lead in Pie atinosphere of our cities, as 
well i\s other variable circumstances, it is impossible to arrive at any 
precise estimate of the quantity of lead which i.s inhaled by tlie ^‘aver- 
age” person in the course of an “ai^erage” day. It is even more diffl- 
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cull; to estiiiiiUo. l lie (jiiaiil il y (o \vlu(.‘]i uiiy jjoj'son may lu‘. ex- 

posed in (his inaniiei* ov(M' n perloil oT mondis wilhoul. susiaiiiing a 
sig’iiilioaih^ increase in (l»e lead coidejit. oT (lie body. Oii (lie basis oi. 
centaiu assuiriptions, it is |)ossll>le dial, (he averajL>*e man may alisorh 
rrom, (he atmosphei'e a (pianl ily ol; lead in die order ol' O.OoB milligram 
pel* day. Inasinucli. as (lie assmnplions made in lids calcidadoii are 
believed l:o en* on die high side, ibis (ignre shonld nol. be dikeii loo 
literally. The quantity may be nearer to half this value and other 
observations to lie discussed later indicated that it may not be far 
from 0,02 inilligram per day on the average over a pei'iod of years. 

General souroes of h aman eoyposure to lead aiul ajrproxhnate oon- 
trihution made by each souree to total cAepomre. — Tlie average adult 
North American takes in ajiproximately 0.3/) inilligrain of lead per 
day ill food and beverages. The (piantities of lead in the daily food 
intake vary from somewhat less than 0,1 milligram to 4.0 milligrams, 
but the mean daily intake is quite stable and the pattern lias repeated 
itself regularly over a. (M)nsid(M*able period ol; lime. Of this <iiiantity, 
0.01 to 0.03 milligram per day ni'e derived ;l:rom water used for cook- 
ing and as a beverage. The remainder is dislribiited in fairly small 
{[uantities over a wide variety {)f foods and beverages wliicli coiitaiii 
load from hotli natural and artificial sources. 

The quantities of loiid evacuated in the fece.s of tlm aveiaige N'orlh 
American adult ai*e approximately e(iinvalejit to those ingested ^vitii 
Ivis food and beveriige. This information, gained in a variety of ox- 
])ei*imental ap])roaches to the question, indicates that somewhat less 
than 10 percent of (he lead ingested in those small (juanlities is al)- 
sorbed. Tliat some alimentary absoi-ption of lead occurs can he 
dcmonsl;rated more readily and nnnv. cerlairdy through observations 
made on the excretion of load in the \irine from day to day. It is 
evklcnl; that the daily urinary output of lead varies with the aliimui- 
tary intake of lead, and thus it may he as(*ertained that lead is ab- 
sorbed regularly from the alimentary (ract. Su(*1l absorption under 
normal conditions is nearer to o ijercent of the daily alimentaiy inl:ake 
than it is to 10 porcent, hut idiere are variations in this respect wliicli 
would be exlTomely dilticult to describe or explain in detail. 

Tlie excre(;ioii of lead in the urine of the average normal North 
American adult a mounts to about 0.03 milligram ]ier day wljeii the 
urinary output averages about 1 liter per day. Tho, lead content of 
blood of normal lieu) (by American adults is much less variable (liaii 
that of the urine, ranging ;from 0.02 milligram to 0.06 milligram per 
100 grams of whole blood and averaging somewhat less tlian 0.03 
milligram. 

The mean lead coni:ent ol: other body (issues varies wid(dy from 
0.01 milligram per 100 grams of fresh muscle tissue to l.nO miliignims 
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per 100 grams of rib niul long bone. 4'lie v aria lion from iucll vidua! 
(o individual is apjn'eciable Inil:. is nol: renuirkablc in view of the varia- 
tions in beiglit and weigiit, o<xaij)ations, length of lifo, and dietary 
habits. Ill balaneed exj^eriinents, normal bealtby North American 
subjects were followed for IB and 18 inonths, respective]}'', during 
wliicli time tlic daily intake of lead in food and bevci'ages was de< er- 
niiiied by Ibe analysis of duplicate samples of everything eaten and 
drunk and the daily output in tlie feces and urine, It was found tliat 
the output of lead systematically exceeded the intalce by about 8 milli- 
grains per year or, by calculation, about 0.02 milligram per day. This 
metabolic discrcyiaiicy whereby the output of lead exceeded the intake, 
can only bo as(jribod to a source of load absorption not accounted for 
ill the design of the balance experiments. This source undoubtedly 
was the air inluded by the experimental subject. 

The capacity of tiie tissues for ac<numilatiug lend is considerable. 
If progressive accumulation does not occur under normal coiiditioiis, 
it must be because the luiinan body, once in equilibrium with ils en- 
vironment at. a. low level of lead iiilako jind absorption, is able (o 
maintain itself in an essentially steady state with reference to its lead 
content through excretioiiary loss. The excretionary processes are 
liighl}^ responsive to variations in the absorption of lead, and they a])- 
pear to be entirely capable of eliminating tlie regular stream of ab- 
sorbed lead from day to day so long as tliis sti’eam varies reasonably 
within normal limits. 

Metabolism of lead under abnormal conditions . — Investigations of 
occupational conditions and personrud as ^vell us experimental sub- 
jects have provided evidence as to the limits of safe levels of exposure 
on the basis of physiologic criteria. Tlie general rate of urinary ex- 
cretion of lead by workmen without renal impairment who have been 
exposed to lead under reasonably uniform occupational conditions for 
long periods of time gives a valid clue to the severity and hygienics 
significance of the exposure. 

Wlien the mean level of concentration of lead in the urine does not 
exceed 0.1 milligram per liter, the conditions of exposure are safe or 
have been within the limits of safe exposure during the period pi.’c- 
ceding the time of .sampling. When this value e.xceeds 0,15 milligram 
of lead per liter, occasional cases of lead poisoning may occur in the 
group. As the excretion level rises above 0.15 milligram per liter, 
cases^ of poisoning among the group increase both in number and 
severity. 

The blood may also be used as an index of exposure, but the blood 
level lags somewhat behind the excretionary level. Experiments liave 
shown that when blood levels do not exceed 0.07 milligram per 100 
grams of blood, the occupational conditions are safe or have been 
within the limits of safety preceding the time of sampling. Blood 
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UmkI (•(nu:enl:i-{i(.ioiis in excess of D.U.S inilljgrjnn ]K‘r l()Ugi*iuns iiulionie 
tJio individual lias siisl aiiUMl a daiigei‘ons level of lead nbsorplioii 
and refention, and may develop symptoms of lead in(,oxica(:ioii. The 
exlenf Ihai; Uig level exceeds 0.08 milligram per 100 graniis of blood 
evidences an increasing incidence and severity of lead intoxication. 

The rate of nrinary excretion of lead im^reast^s stepwise over a 
|)eriod of several montlis \intil it readies a peak. It then stahilizes 
at a. level charaderistic of tJie level of lead exposure asso<dated with 
the occupation* After this stahilization, any significant trend either 
upward or downward may he regained as indicative of deteinorating 
or im]) roving occupational conditions. Load levels in tlio range 0,01 
to 0.00 milligram per 100 gj’ams of blood ai’e indicative of safe occu- 
pational ex|)Osiires. IawgIs helween 0.00 ami 0.08 |)er lOO g]‘ams are 
a b 1 1 o r I vi t d and i i id i ca te d e tl 1 1 i te 1 eai 1 a bso rp t i oi \ h u t wi tl i i n s a f e 1 i n i i i:.s . 
Vbilue.s above 0.08 milligj'um pin* 100 grams poinl- to the necessity of 
terminating the occiiinitional exposure to lead eithei* temporarily or 
I .permanently as the circumstances may dictate. 

It is not possible to express the severity of occuiiatiomil c‘.xposiires 
to lead compounds in terms of environmental measurenients with 
anything like the precision represented by the l)lly8iol()gi(^ measure- 
n 1 en t s I'cf err ed to p rev ion si y . 

Tlio daily addition, of a soluble salt of lead of aiiiiroxiniatcly 0.011 
milligram (Wiereby doubling (be daily alimentary intake of lead) over 
a iierlod of a year I’csulted in a slight but significant and ])rogressive 
imu'ease in the retention of lead in the body, a. very slight progressive 
iuci’ease in (be urinary output of lead, Init no ineasui*al)le increase in 
(be concentration of lead in blood. The addition of larger cpiautities 
of soluble lead in the diets of three otlier exjierimental suljjects, to 
provide a total mean intake of lead of 1.3, 2.3 and 3,3 milligrams ])er 
day, resulted in a prompt and progressive iJicrea.se in the oiitpul; of 
urinary lead, Avliitdx varied directly with the mugnitiidc of the in- 
creased lead input,. The rates of accanmibition of lead in the l)odies 
of the subjects as well as (be ].‘ate of iiuirease in the concentration of 
lead in (beir urine and blood did not diiniivisb as time ])assed. The 
increase persisted apparently at an undim in islied annual rate for as 
long as 2 years in one experiment and 4 yiMirs in another, ilowever, 
none of iJie human subjects sustained iiny injurious effects or deviation 
from well-being during any part o:!' (be experimental rcpg*i]T.ieji. 

It would appear (bat the absorption of lead from the alimentary 
(;ract is witliin the limils of safety when (be ave]‘age amount available 
for absorption is on (be order of O.fi milligram per day. Ji seems 
likely that an alimentary intnlve of about twice this amoiiiit, Avliile 
devoid of danger over a period of A or 5 years, would not be tolerated 
Avitbout significant probability of an injurious efl'ect over a ]:>eriod of 
10 or more years. It appears that about 60 microgrnins of lead can 
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bo a.l)Sorbed daily from the alimentary tra(i Mvitli safety, wliile tin*, 
absorption of 120 in icrog rains per day is potentially dangerous. 1:1: 
this bo a reasonably valid conclusion, it follows that an incremental 
increase in any typo of human exposure to lead that would result in 
the additional absorption of about 30 micrograms of lead pei’ day 
would be within tlie limits of safety, ^\•hi]o an increase in absorption 
oil tlie order of DO or more inicrograms pei* day may lie harmful. 

To determine the res]n)nse of lininaii experimental subjects to tlie 
inhalation of abnormal quantities of lead, a series of balance experi- 
ments luive been underway. Healthy human subjects have been fol- 
lowed before, during and after prolonged iieriods (2 years or more) 
of exposure in a. clianiber for 7.5 Imurs per day, 5 days per va^elc, to 
a.i r coi da i n i n g d i sj lersed 1 e a d sesqu i ox id e i n coi \ ce n t r a ti o j i s ori u i va 1 1 1 
to 0.075 milligram (one exi)eriment) and 0,15 milligrani (5 GX|:>eri'- 
meuts) of lead per cul)ic meter. Mean diameters of the ]')article size 
were 0.05, 0.75, and 1.2 microns. When the concentration of lead 
sesquioxide in tiie chamber was equivalent to 0.075 milligram of lead 
per cubic meter of air, the blood stabilized in about 0 months at 0.04 
milligram per 100 grains of whole blood. At tlie exposure le\'el, 
equivalent of 0,15 milligi’am o:l’ lead per cubic metivr, tlie stabilized 
level of 0.045 milligram per 100 grams of whole blood was reached 
after about 8 months. The mean urinary excretion level paralleled 
that in the blood, levelling off at about 0.0(> milligram per liter in the 
first experimenl. and at about 0,08 milligrani per liter in the second 
experiment. Thus, it is evident that the 10.5 liours per day of free- 
dom from experimental exposure durijig 5 days of the week, together 
witli the complete hick of experimental cxpo.sure on 2 days, ivei’e suf- 
ficient to count orbalance the effects of the experijueutal exposure after 
some lead had accumulated in the body. An approximate equilibrium 
between the weekly absorption and weekly excretion of lead was es- 
tablislKMl ill the body. The breathing of air containing lead in the 
concentration of 0.15 milligram per cubic meter with a. mean jiarticle 
diamete]’ of 0.05 micron did not induce a dangerous lei^el of lead 
absorption in the body of the experimental .subject after more than 
2 j^ears of exiiosiire. In view of the mean concentration of lead found 
in the urine aud blood of the subject at the termination of the experi- 
ment, the margin of safet}’' of the experimental condition was large. 
The determination of the exteni; of the alveolar reteniaon of lead 
under the experimental conditions demonstrated that this was in the 
order of 35 to 50 percent. 

Tlieso levels would not simulate (he exposure of an urban ]:) 0 ]nila- 
tion to lead derived from tlie exhaust of automolules or otlier sources 
of atmospheric pollution. The results, therefore, do not define the 
nuirgin of safety of the genei‘al population in terjns of any presently 
known or calculable ‘maximum allowable concen tration of lead in the 
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nrbsiii al niosphcTe.. TJiei-c can be little question, ]iow(‘-\'er, as 
to tlie adequaiicy oi tlio presently {accepted standard ol’ safety for 
respiratory occupational exposure iu ^vliicb the lead coni pounds are 
dispersed in a comparable state of subdivision in the atiuosplicre. 

HiiimllcHvncA^ of lead in atmosi)here of oitiet: at present time and 
future out look •wUh regard' to an ■inarcase In distdiarge of lead eo?n- 
pownds from exhaust of motor reMdes, — ^The evidence deinoi)s(:rates 
conclusively that the contribution made by the TEL contamination 
of the atmospliere to tlie total absorpl.ion of lead by the American 
population luis been remarkably small in. either rehilive or absolute 
tei'iiis and that it has been minute physiologically and insignificant 
liyg'ienically, destiite the tiHunendous increase in the use of TEL. 
Uuring t he past 11 years, during wluch the greatest expansion of TEL 
luis occurred, there lias been dio sign that the average individual in 
the United States has sustained any measurable increase in tlie con- 
centration of lead in his blood or iu the daily output of lead in his 
luliie. In detailed and prolonged study of experimental subjects at 
the Kettering I^aboratory, no evidence has been seen of any qiianti- 
taf Lve alteration in the normal metabolism of lead, nor has there been 
any suggestion of an increase in tlie levels of lead concentration in 
the urine and blood of normal individuals from many walks of life 
and many areas of the country. 

On the otlier hand, time is tlie important factor iu the develop- 
ment of a pliysiologic response to the absorption of minute quanti- 
ties of lead, It may be tliat the iidiuence of this factor is yet to be 
recognized fully iu relation to tliis problem. Should this be true, 
further investigations will reveal its influence long befoi’e any harmful 
effeefs will have been induced unless (here is a deleterious efl'cct, as 
yet unsuspected, ;l'rom prolonged exposure to slightly larger quanlities 
of lead tliaii those present in tlie natural eiiviromiieiit of mam Onr 
coueerii over the hygienic efl'ect of an increase in the permissible 
amount of lead in gasoline has been replaced by (he assurance that, 
by applying the methods of investigation that liavc provided the 
j)resent baclcgroiind of information, we could establish the efrGcl;,s of 
the i)roposed changes iu advance of any liarmfiil consequences, 

Ab.strac(;s of Special Reports Furnished by Ethyl Corporation 

J. Oxides of nitrogen in engine exhaust gas by Gilbert, Herschler, and Getoor. 

Presented at 132nd meeting, Aniericnii Chemical Society, September 9, 1957. 

A. stmdy has been made of the influence of engine operating vari- 
ables on (he conceib (.ration of oxides of nitrogen present in engine 
exhaust gas. Total oxides of nitrogen (except NyO) were measured 
in oxluiust gas sam])lcs by a idieiioldisiilfonic acid method. Single- 
cylinder engine studies sliowed thal: air-fuel ratio, which controls the 
amount of oxygen in (he combustion gases, was the predominant fac- 
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ior ill (‘oiiti'ollino’ tlie conroni ration of oxides of nitro^oii. Linii) mix- 
tures (wit li hi^dier oxygen coiieeut rat ions) produced. Idgli concen- 
trations of nitrogen oxides, wIucIl wei'e increased fnrtlier by sn(‘li 
other variables as advaiu'ed ignition timing, higher compression ratio 
and higher intake manifold pressure, Avhicli tend to raise peak cycle 
temperatures. However, witli rich mixtures (delicient in oxygen) 
nitrogen oxide concentrations were low and insensitive to teni- 
peraturo inttuencing variables. These results imply that tlie oxides 
of nitrogen are formed by the (ixation of atmospheric nitrogen, with 
oxygen eon centi'at ions and tonipei'atures ('ontrolling tliis ])ro(?ess. 

In two modern passenger (*ars of diti'erent makes, whi(di were 
studied over a range of driving conditions, variations in concentra- 
tions of oxides of nitrogen genei‘ally wei'e related to Ike manner in 
which tlie respective opei'ating conditions atrected air-fuel raiioj igid- 
tion timing, and intake iminifold pressure. At idle, a concentration 
of only about 37 ppm. was oldained, but under road-load cruise condi- 
tions, concentrations increased with, higher speed to us lilgh as 3.1)75 
ppm. at 70 mph. During full-tlirotfle accelerations, concentrations 
were low relative to cruise conditions because of (he ri(*k air-fuel mix- 
tures and somewhat retarded ignition normally encountei’ed at full 
throttle. During moderate atTelerations at j)art-thi'()ttle, however, 
maxi mum concent rations were exhausted and upj)ear to correspond to 
the lean mixtures and advanced ignition timing normally .found under 
such conditions. Deceleration jirodnced concentrations of about lOt) 
pi)m. and lower, (kmcentrations were iiK'reiised by knock by as miu^li 
as 15 percent, and suppression of knock by eitlier tetraetliyl lead or 
by higher liase fuel antikno(*k quality j>revented this in(‘rease. Under 
non- knocking conditions let methyl lead had no elfecf , 

2. Particulate lead compounds in aiilomobile exhaust by Hir.schlor, Gilbert, 

Lamb, and Niebylski. Industrial and Kngineering Chemistry, vol. 49, pp. 

1131-1142, July 1957. 

A con i|)rehenHive study has been made of the amount, com])osition, 
and parti(‘le size distribution of the lead compounds present in (he 
exhaust gases of automobile engines operated on fuels containing te(.- 
raethyl lead. The residts sliow (lui(- city-type driving lends tn ex- 
haust considerably less lead than is burned by tke car and that the 
excess lead which de])osits on exhaust system surfaces tends to be ex- 
linusl;ed under liigher-speed or higher-load operaling comlitions. Tlie 
exhausted material ranges in particle diameter from 0.01 micron (o 
several millimeters and is composed mainly of Pl)(d*Br, alplia and 
beta, forms of XH4Cl*2Pb01 ‘Br, and 2NH,C1 •PbCUBr. The data 
])r()vide an explanation for (Jie low lead concentrations which liave 
been reported for urban atmospheres in relation to the consninptaoji 
of leaded gasolines. 
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Filtnitioii of particulate lead compounds from automobile exhaust «as by 
Gilbert. Project No. 8U5-M, Research Memorandum No. 2011. January 
13, 1059. 

Tliis exploratory study has shown that it is possihlB (o liltor solids 
from exhaust g'u>sps of autoiuobilps with fail; pnirieuey and uitlioiit a 
proliihitive pressure dro]) across the (ilteriu|^’ unit, (..enniiic fibrous 
material sucli as Fiherfrax and Hefi'asil have sliown themselves to be 
suitable for use as Hlier beds for jieriods up to 5,i)00 miles ot general 
road service. Ilowever^ tlie filter eflicieiicit^s of this iyiie of liltei ap- 
])ear to be too low unless ])ackiug density is increased to (he jxiint oi 
objectionable back pressui^es. From the ^*iewpoint of both service life 
ai 1 d jil ter e ffici eu cy , a h 1 ter unit w i (: b the h 1 1 e i * i n ed i a o f .1. S gage ’w i i 'O 
nails appears to be much superior to any other unit tested. I he pi i- 
niary draAvbaok to a filter of this type, and one which was nol. studied 
ill til is workj is tlie jiossiblc reduction in exhaust gas temperature dur- 
ing tlie warm-up of su<;h a large mass of melal. If too large a heat 
loss occurs the unit ivould interfere with tlie action of a catalytic; 
nitiUlcr, which needs the heat to operate and whic.h should warm up 
rapidly. 

4. Catalytic oxidation of automobile exhaust gases— an evnluation of the 
Houdry catalyst by Nebel and Bishop. Presented at Society of Automotive 
Engineers’ Annual Meeting, Detroit. Mich,, January 12-16, 1959. 

Catalytic oxidation of automobile exhaust gases is te(‘yhuically feas- 
ible even, when using commercial leaded gasoline. Hydnxairbon 
emission can be substantially reduced by this process. The oi^n-all 
edicieiicy or percentage reduction depends on many factorvS, but wilb 
the Hondry catalyst a value of Y5 percent (after warmup) seems 
reasonable. Carbon monoxide is oxidized to about the same degree. 
It also appears technically feasible to remove substantial amounts 
of botdi combustibles and oxides of nitrogen from exhaust gases by 
combining catalytic oxidation with modilied carburetion. With the 
combination of the Houdry catalyst to remove hydrocarbons and car- 
bon monoxide and the special carburetor to remove oxides of nitrogeip 
the following reductions (after warmup) seem reasonable: hydrocar- 
bons, 90 percent; carbon monoxide, 75 percent; and oxide of nitrogen, 
00 percent. 

Tlie Houdry catalyst is resistant to poisoning by tctraetliyl lead 
combustion products. Tlie useful life of the catalysis is estimated to 
be about 12,000 miles, after wliicli replacement or rejuvenation seems 
desirable, 

There are many difficult problems to be solved before catalytic oxi- 
dation can become commercially acceptalde. The solution to these 
problems will require a major engineering development program. 
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Agenda Followed at Committee Meeting 

Dkpartjikxt op Health, Education, and Weleaue, Pukltc Heai-th 
Sei{vioe, Bureau of State Services, Division oe SrECiAi, Health 
Services, Occupational Health Proouam 

Ad Hoc Coiiiinittee l:o the Siirgoon General on I’etraetliyl Load 

January 8 and 0, 1959. 

General Services Adaiinistration, 

Kegional Oflice Building, 

7t.h and “7?” StrcMs 18.17., Room, 3Go2 
W asMngton, D.G. 

Subject ;foi‘ discussion ; Does the iuci.’ea,se from 3 ml. to J ml. of tetra- 
ethyl lead per gallon of gasoline represent a piililic health hazard? 

Jlgenda 

1. Introduction ; Dr. Magnuson. 

2. Background : Mr, Doyle. 

3. Charge to (lie Oominittec : Dr. jilagmison. 

4. Technical and Economic Developinouts regarding Tetraethyl 

Lead : Dr. Kirby, Ethyl Corp. 

5. liemarks for the DuPont Company: Mr. Sabina and Dr. Zapp. 
0. The Medical Problem regarding Tetraethyl Lead: Dr. Kehoe. 

7. Committee Discussion. 

8. Summary of Action : Dr. Magnuson. 

Participants and Ohservers 

Committee : 

Dr. James H. Sterner, Medical Diredor, Eastman Kodak Co. 

Dr. Leonard Greenburg, Commissioner, Department of Air Pollu- 
tion Control, City of Hew York. 

Dr. William P. Yaut, Director of Ecsearch, Mine Safet.y Appli- 
ances Co. 

Dr. Helmuth H. Schrenk, Managing Director, Industrial Hygiene 
Foundation. 
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Tetraethyl Lead in Motor Ttiel 

.l)r. Stanley H. Osborn, ( ■oiiinussioner ol: Heallh, Coniieol ioiil. .De- 
pa l•|l^en^ ol: HealllL 

Mr. I!’. N. Doyle, AssLs(an(. Cliief, Oceiipal ional Ileallh 
];* u 1 ) 1 i e T r eal 1 1 1 S e r v i < ; (i , Tv e ] ) o r I e i * . 

•Dr. M. J. Maginison, Chief, Oecnpational Uealdi rrogi’aiii, Public 
] lealt li Service, Chainnaii. 

Kdiyl ( 'oq)oration ; 

.Dr, Hoberl, A, Iveboe, Medical Consiihant. 

.Di’, (leorge Kirby, Vi(‘e Pi'esident for Research. 

Mr. Kichard Scales, Genei’al Manage?', Defi'oil- Research 
Dahoi'alories. 

111. 1. dll Pont de Nemours & Co. ; 

MV. rl. E. Sabina, A.ssistant Phvnning Manage?', Division of Ped'o- 
leuin Chemicals. 

Dr. Jolin A. Zapp, Dii'ecloi', Haskell Ijaboi'atojy. 

Department of .Health, Education, and TVeTfVi'e : 

Mr. Sidney Edelimin, Assistant (.Miief, .Public Tiejilth Divi.sion, 
0/lice of die Gene?'?il Counsel. 

Ihiblic Health Service: 

Di\ A. L. Chapman, Chief, Division of Special Health Sei'vices. 

Di‘. D. J. Birmingham, Chief, Clinical Services, Occupiitional 
.Health Program. 

Dr. H, E. Stokinger, Chief, Toxicologic Services, ()ccui>a.taomil 
Health Program. 

Dr. W. M'. Gabifer, Tedinical Advise?*, ()c(m|)ationa.l Hejilth 
Pi'Ogram. 

Mr. V. G. MacKem^ie, Assistant Chief, Division of Saiiitaiy Engi- 
neering Sci*vices. 

Dr. H. E. Heimann, Assistant Chief, Air Polhitlon Met.lical 
Th'ogi'am. 

Mr. J, M. Tloi'stkamp, Chief, Special Services Branch, Bureau of 
State Services. 



Aj)pendix B 

Surgeon GeneraPs Letter of Transmittal of Report 

l)F;rAimrBNT oi;' IIkalth, Educai’iqXj ani> Wkbfakic 
PuJViAc HKAi/m Si':kviob 

Washixotox 25 , AayuHt 21^ t%9. 

J.)kau : I am pleased to transmit tJie report of an Ad 

Hoc Gominittee on Tetraelliyl J^ead. This Committee M'as convened 
aii my request to consider the public liealtli liazurds wliicli might re- 
sult if the concentration of tetraetJ^yl lead in motor fnel were to he 
increased from a maxiniuin of II to a maximum of 4 cubic centimeters 
per gallon of gasoline. 

The Committee aj*rived at two conclusions and made three re(jom- 
mendations. The conclusions are: (1) a change in tlie maximum 
<3()ncentrution of tetraethyl lead in motor fuel fi*om f-lO to 4.0 cc, would 
not increase tlic hazard involved in the jiuiiiufacture and distribution 
of leaded gasoline, and (2) available data do not indicate that such 
a change would signili(!aaitly increase the liazard to ptiblic health from 
air pollution* 

Tlie recommendations are, if the industry does imu'ease the conceii- 
triition of tetraethyl lead, that; 

(1) T^ie industry proceed cautiously with the increase so that the 
increase in any 1 year in the tetraethyl lead (content of U,S* pool gaso- 
line not exceed 0*25 cc. per gallon, and that the c-oncentration of 
tctraetliyl lead in U.S. pool gasoline not he more tlian 3,2 cc. per 
gallon at (he end of 5 years. 

(2) The industry supply annually to the Public .Healtli Service 
ihe domestic consumi)tioii ligiires for tetraethyl lead* 

(3) The Public Health Service, in colial)oratioii with the manu- 
facturers of tetraethyl lead, the petroleum industry, and otlier appro- 
priate organizations, conduct studies to provide more definite data on 
levels and trends of atmospheric load contamination in .selected urban 
areas and of the body burden of: lead of selected population groups. 
If these studies should bring to light new data of significance, the 
recommendations of the Committee should be reconsidered. 

These recommendations reflect the Committee’s expressed concern 
about the inadequacy of medical data on which to base a conclusive 
ansAver to the problem of possible hazard to public health, due to lead 
contamination of the atinosxdiere. 


43 



14 


Tetraethyl Lead in Motor Fuel 

The Public lleulth Service transiiii(:s Ihcsc liiiclings (o .you; liow- 
over, Uic repor(. should not 1)6 iuicrpr'clod as a rc^’iilalioii oJ; the 
Public HcnllJi Service or as an agreemcjit between ( he ihiblic llealih 
Service and iiiduslry. Should the decision be made to iiicrease ihe 
1 6 I ra e 1 1 1 y 1 1 eii d co n ( e 1 1 {> of i n o to r f u el , i h ope t h i i (. t h ose co 1 1 ce rn ed i 1 1 
seriously consider these recoinineudations, 

AVe plan to publish the entire eoininlttee report wliieh, you will 
no(:e, contains some technical data supplied by your oilicials, In addi- 
tion to siicli [)ublicat.ion we plan to make copies a vailable (o the State 
and Territorial Health Ollicers and to the Air Ihdlution Control As- 
sociation for their comments. 

Sincerely yours, 


Surffeon OeneraL 



Appendix C 

Regulations from Public Health Bulletin 163 (1926) 

These rogalations have been formulated in accordance with the 
recommendations of the Surgeon Gcnerars coniniittee, under whoso 
direction the investigation into the hazards iToin tetraethyl lead gaso- 
line was conducted. They are proposed for adoption by the several 
States in order to secure uniformity of control and were the subject 
of consideration at tlie meeting of tlie Stsite and Territorial health 
authorities with the Surgeon General on May 25, 192G. These regu- 
lations are based upon x^resent conditions and knowledge and it is 
ax^preciated that changes may be advisable from time to time. 

By the term ^hetraethyl lead^^ is .meant the chemical substance 
Pb ( 021-15) 4 of a commercial grade of purity or higher. Ethyl fluid is 
the concentrated commercial fluid containing tetraethyl lead and other 
ingredients, which is to be mixed with gavSoline to make ethjd gasoline. 
The manufacture of ethyl fluid consists in adding these oilier ingred- 
ients to tetraethyl lead and is called ^ddending.'’ Tlio xii’ocess of 
adding the ethyl fluid to gasoline to form ethyl gasoline is called 
^hnixing.^^ In the term ‘^ethyl gasoline,^’ as herein used, are included 
all other motor fluids containing tetraethyl lead, 

1. Proposed Regulations for the Manufacture of Tetraethyl Lead 

and the Blending of the Latter to Make Ethyl Fluid 

1. No x^erson shall be emxfloyed without adequate instructions as to 
the nature of the hazard and the xirecautions to be taken. 

2. Each worker shall have a periodical x^hysical examination, which 
shall consist of such x)hysical and other tests as ai*e indicative of the 
absorx)tiou of tetraethyi lead and shall include, as a minimum, the 
following items: 

(a) Examination of blood for stippliug by carefully trained 

workers, using negatiA^e controls, ay i thou t 

knowledge of the source of the slides j this examination 
shall be once a Aveek for the first 3 Aveeks and bimonthly 
thereafter. 

(b) Semimonthlj^ contact Avitli x>hysician for informal 

statement as to general liealtlv. 

(c) Bimonthty AA'^eight, stripped. 

(d) Bimonthly systolic and diastolic blood x^ressure estimation 

Avhile sitting. 
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Tetviwlhyt Load Motor Fuof 

(ti) Itiinoiidily lu'iiiofKidhin csl iiiiiilion by Dafivs lieinc)*>'io- 
bilioluokM'. 

■»>, r(H'nr’(ls <)l t‘-xaniinaf,ioiis sliji]] bo kept, aiul persons show- 

^ratlniilly jnrrosisiiio- {uuovints of stippling', siuldon developinont 
ol stipjiling, oj' ol-her niarkeil cUuMntioii fi’oni normal sliall be promptly 
(‘-xiiluded from (elruetliyl lead W)rk, irresperfivo of wbelluM* or not 
sucli ^incli]lg may Im iiHlirutive of lend poisoning, All |)nrts of (die 
pliMils whoj^e lend in any lorni is used vshall be subject to saiiitiiry 
nionsures to pinnamt col led ion mid dissennmdion of lead dust. 

d. k^epnrale venl.ihdion systems sliall be provided for the nuiiuifnc- 
(airing apparal us mid lor the air of the i^ooms, the outlets of the latter 
lading' loraied nem* (he ilooi- of each. I'ooni and all external inlets and 
outlets being’ so sitmi(e<l as lo avoid dustiness and appreciable coii- 
lamination of tlie air around the plant. 

a . I )a i 1 y i n St )c(! I ion shall co v e r efl i ci e 1 1 cy ^ ( if vei 1 1 i I a t i n g* s y s toi us, a 1 1 
joiiils, A^aiveSj and gaskets of nnuuifadiiring apparatais, and adequacy 
of press ni’e- hose respirators, 

0. All containers of etliyl fluid ov tetraethyl load shall be labeled 
as 1.0 exact c.orifenl. and <lang'er and sliall conform (:o the i‘eg*ulations of 
tlie Interstate ('oinnien^e Ominvission. These containers shall be 
earelully i.ested lor leaks and sliall liear a plainly legilde label slal.- 
Ing (.fiat (Jiey are lo be closed tig’b(; :innuedia(ely when emptied, witli- 
out cjleaiising, and sent liack to the plant. 

7. Jverosene or oilier nmlerial used for cleansing (:he used containers 
of el/liyl tin id or letraetliyl lead shall be placed iii the C(m(:ainors by 
means ol a. closed syslem with air venis to oui-side air and with ade- 
([uate ventilation, 

^ 8, llie tilling* shall be |>erforined hy means of a closed system with 
air from (he container to the outside air, ami witii adequate 
ventila(.ioii, 

J), A ilyc shall lie added to et.liyl fluid m sutlicient amount to give 
staining <jualities lo the elhyl gasoline to defer indiA'i duals from using 
ill for cleansing or other similar purposes. 

1.0, Ileports shall ho nnicle monthly to the appropriate othcei* of the 
Slate ('.oncerned cimnlng the folhnving* points : 

Nnniber of Avoi-kers employed at beginning of inonfh. 
iNnuiher of woikers employed at close of month. 

ISTumlavr of new workers, 

iShnnbei* of workers separated from tctraclliyl, lead w^orlc on nc- 
coiml, of results of examinations, 

N 11 1 n 1 )ei‘ o f < I ef l 1 1 i ,te ca s es of }:> oi so n i n g. 

(Condition of cases of j>oiHoniiig previously reported .so far ns 
kjiown. 



Appendix € 


47 


II. Proposed Regulations for Mixing 

1. Tlie iniixiinniii content of tetraetliyl lend in coinnierciiil ethyl 
gasoline shall bo in the proportion of 1 : 1,260 by vohune for coininer- 
cial teti’uethyl lead, or 1. : 1,;U)0 for Pl)(C;Hr,).i C.'P. 

2. Mixing ethyl thtid with gasoline except for certain specific re- 
(luirements such as research, military and naval use, and airmail serv- 
ice shall be done only at the main distribution centers and in not less 
than tank-car lots. Adequate pro\'ision shall be made at eacli sn(‘h 
center for thorough ineclianical distribution of theeth}'! fluid (hroiigh- 
ont the gasoline, and the efliciency of such distribution shall be con- 
trolled l)y the analysis of samples. 

3. The lociitions of these centers and the names of persons engaged 
in mixing shall be reported to the State department of health of the 
State of employment. 

4. As few persons at each center as practicable shall, be enqdoyed 
for this work'. 

h. No person shall l»e engaged for mixing until adequately in- 
structed as to the mechanics of mixing, the dangers, and the precau- 
tions to be taken. 

6. The distributor of ethyl tltiid shall i>i,-ovide a special coi'ps of 
adequiitely trained instrnctoi’s and service men. 

7. All mixing shall lie done with the maximum ventilation prac- 
ticable under weather conditions existing at the time. 

8. ()])eration of the jnnnps shall he instantly stopped at the ai)pear- 
aiute of a leak or other defect, and no attempt shall he made to repair 
or disconnect tlie system until a qualified man takes personal charge 
of if:. 

0. Floors of all places where any possibility of spilling is pre.sent 
are to be [trovided with drains and proper facilities for making pos- 
sible a conqrlcte flushing out of all spilled fluid, or in their absence 
provision sluill bo made for ehemically neutralizing any spillage as it 

occurs. . . , 

10. No Indk mixing .station shall be dismantled or disconnected for 

repairs except by a qualified man. 

11. Kerosene or otlier efficient means of preventing skin absorption 
of tetraethyl lead and washing facilities shall always he conveniently 
available. 

12. The rules and instructions uflecting the enq)loyees shall he 
])osted in a conspicuous place where the ethyl fluid is being handled. 

13. Tim distributor of ethyl fluid shall, with the advice of the 
United States Public Health' Service, select a repi-esentativo group 
of at least 40 men exposed to the hazard of mixing, representing the 
entire area of distribution. This groiq) sliall serve as iin index of the 
hazard of mixing. Monthly for the first 3 months and every 4 months 
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tJn'miftei- tliis j^roup of employees shall Iiiive an cxajninafcion, which 
siiall consist of: 

(a) Examination of blood for stippling, by carefully traiiuxl 
workers, using positive and negative controls, wilhont 
knowledge of the source of tlie slides. 

(1)) Examination of fecal samples of lead. 

(c) Eeport as to general state of health. 

(d) IVeight, stripped. 

(e) Blood-pres.su re estimation, diastolic and .systolic, \vlien 

sitting. 

(f ) Hemoglobin estimation by J.)are instrument. 

Exact records of tliese examinations shall be kept. 

14. The results of the examination shall he reported prompliy to 
(Oie Surgeon General of the Public Health Service. 

TIL Proposed Regulations for Distribution of Ethyl Gasoline 

1. Each^ filling station shall have prominently displayed at the 
pump, or in other conspicuous place, the folloM’ing warning or one of 
similar eftectiveness: “Ethyl gasoline containing tetraethyl lead to bo 
u.sed as motor fuel only, and not for cleaning or any other purpose.” 

2. Suitable leaflets shall be availalile at all filling stations n-hcre 
etliyl gasoline is sold, for di.striind ion on request. These leaflel.s shall 
describe the possible dangers and precautions to be taken in the n.se 
of ethyl gasoline. 

1 gasoline sold to the general public shall be 

labeled ; Ethjd gasoline containing tetraethyl lead. To bo used for 
motor fuel only, and not for cleaning or any other purpose.” 

IV. Proposed Regulations for Automobile Garages, Repair Shops, 
ocrvice Stations and Filling* Stations 

1. Autoinobile garages or repair .shops holding more than five cars 
and all inclosed public-service stations and inclosed filling-stations for 
antoinobiles should be registered with the local healtli department, 
j.. In addition to doors and to ivindow ventilation in .summer, anto- 
fiill. ^ p_i’nges, repair shops, inclosed sendee stations, and inclosed 

criuivalentTo r" ^ permanently operative ventilation at least 
. pm alent to thp given by an opening or openings at ceiling level free 

of OP n ! ''^^1 air, but protected from doivii drafts, with cross-section 
of 0.2 percent of the floor space available for caxi!, together with an 
pemng or openings for inlet near floor level of corresponding efi’ec- 
iveness, both arranged to give positive dilution of exhaust gases as 
generated. This is to be taken as a minimum, special cond^itiTs rc 

qmriiig greater permanent ventilation. tx -onciiuoiis lo 

3 Autoinobile garages, repair shojis, inclosed service stations nml 
mclosecl lilhng station, ,» kept msonnHy cIer„“rirC:! 
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dust by iTKiiiiis of lliisliiiig out and moist swooping or vacuuin cleaning-. 

4. Antomobilo garages, repair shops, service stations, and filling 
stations sliould keep conspicuously posted a copj' of these regulations 
with the following statements in large type : 

AUTOMOBILE EXHAUST GAS IS DANGEROUS. MO- 
TORS SHOULD NOT RUN LONGER THAN 30 SECONDS 
UNLESS THE CAR IS IN 5IOTION OR THE EXHAUST IS 
DIRECTLY CONNECTED 'J'O THE OUTSIDE AIR. LIQ- 
UIDS SOLD AS MOTOR FUEL, EXCEPT ORDINARY GASO- 
LINE, SHOULD BE USED ONLY AS MOTOR FUEL, AND 
NOT FOR CLEANING OR OTHER PURI‘OSES. THE 
FLTMES FROM THE EVAPORATION OF ]<]VEN ORDINARY 
GASOLINE MAY BE INJURIOUS. 


U.S. GOVEBHMEHT PfllMTlNO OFFICE: 1959 



